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Front cover 
Molecular electronics will be 
as different to today's elec- 
tronics as semiconductors 
are from the valve technology 
of 40 years ago. This is the 
belief of scientists who are 
now working on a £20 million 
programme in Britain, backed 
by the Department of Trade 
and Industry's Link Pro- 
gramme of collaborative 
research between universi- 
ties and industry. 

One familiar example of 
molecular electronics in use 
today is the liquid crystal dis- 
play seen in watches and cal- 
culators-and even head-up 
displays for pilots-that 
respond vigorously to electri- 
cal or heat signals. 

Here, scientists at Imperial 
College, London, are working 
on a project to build new 
types of 'molecular' switches 
for use in waveguides. In the 
field of conventional electron- 
ics, electrons flow through 
wires and devices like simple 
transistor switches. In the 
optical equivalent, light trav- 
els down planar optical 
waveguides through 'molecu- 
lar’ switches. These switches 
can be made by coating 
glass substrates with a spe- 
cial polymer. In the picture it 
is being studied with a new 
technique known as time- 
resolved evanescent wave- 
induced fluorescence spec- 
troscopy. 
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We regret that owing to legal 
restrictions we can not pub-’ 
lish “SAVE decoder — Part 2” 
as planned. At the same time, 
supply and design difficulties |: 
have made it necessary to 
postpone "Sinewave invert- 
er^; no new date can as yet be 
given for its publication. 
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COMPRESSION TECHNIQUES 
REVOLUTIONIZE VIDEO SURVEILLANCE 


Modern technology has a habit of producing the 
necessary equipment to meet the challenge of 
the new requirement. In this case, the primary 
challenge is the closer integration of the member 
countries of the European Community now less 
than two years ahead. 

The technology is that of the state-of-the-art 
videoconferencing, designed to make the closer 
integration a reality for many officials and busi- 
nessmen. A front runner in the development of 
such equipment is GEC Plessey Telecommunica- 
tions (GPT): GPT Video System products are al- 
ready in use in organizations and major compa- 
nies in Europe and other parts of the world. 

The European market inte- 
gration of 1992 may be said to 
have been anticipated because 
two videoconferencing studios 
employing GPT Video Sys- 
tem's codecs and studio equip- 
ment were set up in the Euro- 
pean Parliament in Luxem- 
bourg and the Commission's 
Berlaymont Building in Brus- 
sels in 1985. The continuing 
development of video com- 
pression techniques for this 
purpose has meant that many 
other applications in video surveillance can now 
benefit from the improved transmission effi- 
ciency provided by these systems and the conse- 
quent reduction in system costs. 

Efficient data transmission is conditioned by 
the amount of information that can be trans- 
ferred from source to recipient over a link in a 
given period without undue analogue network- 
ing that incurs various delays during the trans- 
missions in the modems used. Secondly, the 
transmission of high resolution monochrome or 
colour video signals over long distances is 
highly dependent on the bandwidth available and 
the degree to which the video signal can be mul- 
tiplexed with other signals that use the link. 

It is important, therefore, that the multiplex- 
ing efficiency can be optimized within the con- 
straints of preserving integrity. The employment 
of statistical multiplexors, as opposed to time di- 
vision multiplexors, enables bandwidth utiliza- 
tion requirements by channels to be reduced as 
compression techniques lessen the number of 
data characters to be transmitted. 


Data compression methods. 

The final economy in achieving efficiency is 
thus to employ video compression to achieve a 
high compression ratio. This involves processing 
the source signal so that the information in it is 
reduced to a form for which the time taken to 
transmit is minimal, yet the form is such that the 
signal can be reconstituted completely to its 
original format at the receiving end. There are 
many techniques that can be employed in obtain- 
ing data compression by encoding the signal be- 





Video conferencing studios are 
springing up all over the world 


fore transmission and decoding it on receipt. 

Examples of these include simplistic methods 
such as null suppression, which scans a data 
stream for repeated blanks or nulls and replaces 
them by indicators. Bit mapping is used where 
there is a high proportion of specific types of 
character such às numerics and the map indi- 
cates the presence or absence of characters. 

Diatomic coding enables one character to 
represent a pair providing a compression ratio of 
2:1, while an extension of this, pattern substitu- 
tion, allows a special character code to be substi- 
tuted for a predefined character pattern. Forms 
mode operation, used when data from one CRT 
is to be transmitted to another, 
considers some information 
fixed, such as a printed format, 
or variable, such as the data to 
be inserted. 

There are various other tech- 
niques of increasing complex- 
ity for stripping out redundant 
information and reducing what 
remains by skilful coding. 
These have improved over the 
last few years, as have the akin 
methods of security coding. 

In consequence, state-of-the- 
art encoders and decoders (codecs) necessary for 
modern transmission networks have achieved 
considerable sophistication. Such is the ingenu- 
ity of GPT's new range of codecs, the GVS10 se- 
ries, that, employed in a closed circuit television 
(CCTV) network, a remarkably high compres- 
sion ratio can be achieved, resulting in an im- 
provement in the efficiency of a CCTV analogue 
system by a factor of up to 150. 


Flexible codec system. 

The GVS10 offers considerable flexibility to the 
user and can be configured to take account of 
application changes and enhancement of the sys- 
tem employed. Basically, the picture image de- 
rived from the analogue output of the video cam- 
era is compressed and digitally coded by the en- 
coder and then transmitted in real-time to the de- 
coder, which converts it back to an analogue pic- 
ture, displayed on a control room monitor. 

In this process, the intial signal is memorized 
by the encoder so that it becomes necessary to 
transmit only changes in the picture information 
to the encoder. 

The value of this feature can be illustrated 
readily. In a surveillance role for crowd monitor- 
ing, where the picture is changing constantly, 
high transmission speeds and bit transfer rates 
are necessary. However, for the remote surveil- 
lance of premises the incidence of intruder de- 
tection is hopefully rare and the picture is static 
for long periods. Consequently, a low bit-rate 
signal is permissible and signals from a number 
of cameras can be multiplexed together, provid- 
ing a considerable saving in network cost. 


12 


Transmissions can be made at data 
rates of 2.048 Mbit/s down to 56 kbit/s 
and a number of encoders can be con- 
nected to a single decoder. This enables a 
polling network to be set up with a single 
control position in a central spot to moni- 
tor a number of remote locations. Each 
encoder can be configured to provide a 
unique identity as part of its transmission, 
so that the decoder can ascertain which lo- 
cation is being monitored. 

In the event of connexion to an unad- 
dressed decoder, or the loss of video 
input, or a transmission fault, the decoder 
video output is blanked automatically. The 
GVS series has facilities for local and re- 
mote diagnostics via a display on the front 
panel. The equipment operation is fail- 
safe. 


t, 


EYES DOWN FOR ELECTRONIC 
LIARDICE 
The centuries-old five-dice game called 
Liardice, which is based on poker and has 
millions of followers around the world, 
has gone electronic. 

Electronic Liardice is a tiny instrument 
scarcely larger than a credit card that al- 
lows the game to be played in places 
where its traditional wooden or plastic 
dice would take up too much space or be 
liable to get lost. 

The new version is an interesting ex- 
ample of the latest gate-array-chip tech- 
nology that allows chips for specialized 
applications to be custom-built by overlay- 
ing the required interconnexions on a col- 
lection of elements on a standard chip. It 
generates random numbers for the dice 
from reading the internal clock at the in- 
stant the "roll" button is pressed. 

Campus Martius Sales Ltd, Timothy's Bridge 
House, Timothy's Bridge Road, STRATFORD- 
UPON-AVON CV37 9RN, England. 





The new N-channel dual-gate MES-FET Type 
CF379 from the Siemens spectrum of GaAs transis- 
tors in surface mounting packages is particularly 
suitable for input stages in mobile telephones or 
satellite receivers. Even at 1.75 GHz it exhibits a 
gain of 17 dB with a maximum noise figure of 1.8 
dB. 

(Photograph courtesy of Siemens) 


Speeding up decisions. 

International videoconferencing is becom- 
ing well established. For example, the law 
firm of Bebner & Company, which spe- 
cializes in Roman law used in continental 
Europe, is planning to provide 40 infor- 
mal videoconferencing units in Britain 
where businessmen can consult experts in 
legal, financial, banking and marketing 
matters at videoconferencing centres in 
other European countries. 

December 1988 saw the opening of 
Cable & Wireless' videoconferencing link 
between Hong Kong and Singapore. Other 
recent orders for GPT video codecs origi- 
nate from Italy for Marconi Italia, Japan 
for KDD, and Finland for Finnish PTT, oil 
company Neste, electronics manufacturers 
Nokia and shipbuilder Wartsila. 
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FREE BOOKLET EXPLAINS NOISE 





The eradication or avoidance of excessive 
noise in workplaces has become of 
paramount importance to companies 
throughout Europe because of the new 
regulations that came into effect last Jan- 
uary. This has created a huge market for 
sound monitoring equipment, but many 
businesses affected by the new regulations 
still have not the skills or equipment to as- 
sess noise levels, let alone find solutions. 

A simple guide to noise measurement 
is available from Lucas CEL Instruments, 
one of Europe's leading manufacturers of 
sound monitoring equipment. 

The 24-page booklet covers, among 
others: physical properties of sound; the 
decibel and A-weighting scale; the hearing 
process and hearing problems; occupa- 
tional deafness; and noise induced stress. 


Another video link using GPT video- 
equipment will connect the Royal Bank of 
Scotland with its Spanish associate Banco 
Santander. Many international companies 
have installed or are installing their own 
internal networks to speed the decision- 
making process. In this context the secu- 
rity aspect is well covered by crypto en- 
coders and decoders associated with the 
GVS10 system. 

The fact that compression makes the 
management of a series of locations 
spaced over a long distance far more cost- 
effective has not escaped the attention of 
such organizations as British Rail, which 
is installing GVS10 codecs within a net- 
work monitoring its unmanned level 
crossings. E 


Free copies of the booklet are available 
from Lucas CEL Instruments, 35-37 Bury Mead 
Road, HITCHIN SG5 IRT, Phone (0462) 422411. 


DEVICE WILL PREVENT TRAINS 
PASSING RED SIGNALS 
British Rail has started work on a new 
safety system that will prevent trains 
passing red signals. The first pilot scheme 
is expected to be ready for test commis- 

sioning later this year. 

BR has been planning what it describes 
as an Automatic Train Protection (ATP) 
device since 1988 and has recently asked 
12 firms to bid for the job of producing the 
first of two pilot systems. 

UK rail experts say the latest advances 
in technology have opened the door to an 
ATP system that will work successfully on 


.the BR network, which includes some of 


the busiest lines in Europe. 

Such a system will work by interacting 
between the signals, the tracks and the 
trains, feeding information to a receiving 
device on the train. An on-board computer 
will check the information received 
against the train's performance characteris- 
tics and adjust the speed of the train if nec- 
essary. In this way, the ATP will control a 
train's speed if the driver does not do so, in 
order that it can always brake in time for a 
red signal and keep within speed limits. 

The first pilot scheme is expected to be 
installed towards the end of this year on 
lines between London and Aylesbury and 
Banbury. These lines are currently being 
re-signalled and will soon have brand new 
trains. 

A second pilot scheme will follow on 
the main line from London to Bristol. 
Both systems will be evaluated to estab- 
lish how a BR network-wide protection 
system can best be provided. 
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UK BASE FOR FORD'S EURO 
ELECTRONICS RESEARCH 
A new electronics centre set up by Ford of 
Britain is claimed to house the most mod- 
ern test equipment in Europe for automo- 
tive electronic system, including the 
world's most advanced spark plug labora- 
tory and what is thought to be the largest 
anechoic chamber for research into car 
audio systems. 

The £10 million complex forms part of 
the company's research and development 
centre at Dunton. It will be the headquar- 
ters of its European electronics operations, 
and the focus of electronic systems re- 
search and development for Ford vehicles 
made throughout Europe. 

The centre is working closely with 
British broadcasting organizations and the 
European Broadcasting Union in the de- 
velopment of radio data systems (RDS) 
that avoid the need to retune manually to 
the strongest signal in different areas, and 
allows drivers to be given traffic informa- 
tion automatically. 





Caracal is a new secure, frequency hopping, tactical 
radio for police and paramilitary forces developed by 
Racal Tacticom. It provides up to 2320 channels in 
the range 30-97.975 MHz. The set can be pro- 
grammed to operate in either simplex or two-fre- 
quency simplex (half-duplex) modes. Controls have 
been kept to a minimum for ease of operation and 
user convenience. The volume control has a 
squelch override position which, when selected, indi- 
cates the radio's selcal address. Should the radio 
develop a fault, this position will allow a fault code to 
be shown in addition to the address. 


REAL-TIME COMPRESSION ON 
INTEL'S VIDEO TECHNOLOGY 
Intel Corporation's Princeton Operation 
has recently announced a video compres- 
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sion breakthrough for DVI” Technology, 
giving multimedia application software 
developers and personal computer users 
the ability to compress video footage in 
real time, at 30 frames per second (fps), on 
à personal computer. The ability to com- 
press motion video in real time, a symmet- 
rical process, and to play it back immedi- 
ately at full speed and on the full screen of 
a computer, is now possible through the 
DVI software advance known as RTV (for 
real time video), version 1.5. 





Bridging the gap between the best of Bruel & Kjaer's 
sound level meters and the company's top-of-the- 
range laboratory real-time signal analyser is the new 
Type 2143 Real-time Frequency Analyser illustrated 
here. It provides analysis down to 1/24 octave, in 
real time, in the field. Large internal memory plus 
disk storage allow for storage of set-ups and refer- 
ence data for field use. The 2143 weighs less than 
10 kg and its battery life is not less than four hours. 





COMPUTER GUIDES EMERGENCY 
SERVICES 
An advanced computer system designed 
by Marconi Command and Control Sys- 
tems helps fire brigades, civil defence au- 
thorities and other emergency services to 
effectively manage action and resources. 
MACE (Mobilization and Command 
Equipment) interfaces with normal radio 
communications systems, the public tele- 
phone network, or any other communica- 
tions network. In addition to continuously 
updating the current holdings and status of 
equipment at every station in the opera- 
tional area, the system also holds specialist 
databases, such as information on haz- 
ardous chemicals and explosives. It can 
also provide pre-determined response lev- 
els for every building or type of incident, 
further aiding resource management. 





SHOOTING STARS FOR 
TRINITY HOUSE 
Sending messages by shooting stars and 
navigational buoys powered by wind and 
sea are among new marine aids currently 
being evaluated by Britain's Corporation 
of Trinity House (TH), one of the world's 
oldest maritime organizations. 
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Much has changed since King Henry 
VIII empowered Trinity House to erect 
beacons to safeguard English ships and 
their sailors. Communication techniques 
have become increasingly sophisticated 
and the role of Trinity House reflects this. 
Of the 85 lighthouses it now operates in 
England, Wales, and the Channel Islands 
(Scotland has its own maritime organiza- 
tion), 60 have been automated and the re- 
mainder will all be unmanned by the end 
of the century. In the past year the last of 
the corporation's 13 light vessels switched 
to total automation, while of its 400 buoys 
many are solar powered today. 

One technique currently undergoing a 
two-year trial is the exploitation of shoot- 
ing stars, or meteor-burst communication. 
From the manned Rona Lighthouse, 56 km 
north of Scotland, Trinity House is bounc- 
ing digitized data to monitor and pro- 
gramme unmanned lighthouses, light ships 
and buoys. 

Computer equipment monitors shoot- 
ing stars and uses their trails to transmit 
information during the split second they 
flash through the sky. The relatively low 
cost and long range of meteor burst sys- 
tems offer great advantages over conven- 
tional forms of radio and satellite commu- 
nication. 

Meteor bursts—vast numbers of mete- 
ors streak through the earth's atmosphere 
every day—leave a white hot trail when 
they hurtle towards the planet at speeds of 
up to 72 km/s. The cosmic projectiles are 
vaporized by the friction caused by their 
contact with the air, and the air torn apart 
by their entry into the atmosphere forms a 
short-lived trail of ions. 

The technique has already been used to 
gain knowledge of weather conditions and 
breakage in Alaskan pipelines. 





ieee oe n 


New from Flight Electronics is the FLT-32 training 
system. Based on the industry standard 8030/8050 
series of microcontrollers, the FLT-32 is designed to 
teach students a wide variety of industrial control ap- 
plications. The system comes with everything you 
need to get started, including power supply and 
cable to connect the system to a terminal or a PC 
running terminal emulation software. Details from 
Flight Electronics, Ascupart House, SOUTHAMP- 
TON SO1 1LU, Telephone (0703) 227721. A 


9. IC MONITOR 


J. Ruffell 





Digital probes come in many shapes and versions. All of these, 
however, suffer from a single disadvantage: they can monitor the 
logic level at only one IC pin at a time. To overcome this limitation, 
we propose a 16-way IC monitor with a probe that can be clipped on 
to virtually any commonly used logic dual-in-line integrated circuit 
with up to 16 pins. Ideal for getting to grips with digital circuits, this 
IC monitor gives an instant indication of all input and output levels 
simultaneously. Interestingly, it automatically finds the power pins of 
the IC under test and works with most TTL and CMOS circuits. 


The circuit of the IC monitor (Fig. 1) con- 
sists of 16 identical smaller circuits 
powered by one supply. The operation of 
the input circuits will be described with 
reference to the top one, which consists of 
Di7-Dis-Ris-Ne-R2-Die. 

The IC monitor is powered by the cir- 
cuit under test via the two supply pins of 
the IC it is connected to. This means that 
the power supply of the circuit under test 


must be capable of supplying an addi-; 


tional current of up to 500 mA to power 
the IC monitor. Make sure this is the case 
before connecting the monitor! 

You are probably aware that pin 14 of 
14-way DIL logic ICs is usually the posi- 
tive supply terminal, and pin 7 the 
ground terminal. For 16-way ICs, the re- 
spective pins are usually 16 and 8. Unfor- 
tunately, there are also many ICs which 
deviate from this rule of thumb —their 
power connections are at pins other than 
14 or 16, and 7 or 8. The IC monitor, how- 
ever, finds the power pins automatically. 
How? Let's examine the input circuit a 
little closer. 

If a valid logic level is measured at 
pin 2 of connector Ki, it will be either a 1 
or a 0. Whichever, the absolute voltage is 
invariably a little lower (for a 1) than the 
positive supply voltage, or a little higher 
(for a 0) than 0 V. This is because the 
swing of logic IC outputs is nearly always 
smaller than their supply voltage owing 
to the forward drop across the output 


transistor(s). Invariably, only two of the 
diodes Di7-Das will therefore conduct and 
pass the supply current because they are 
the ones connected to the highest poten- 
tial —the supply voltage. 

On the above assumption that pin 2 of 
Ki carries a logic level and not the positive 
or negative supply voltage, diodes Dis 
and Di7 block, but the monitor circuit is 
powered by two other diodes. The logic 
level is applied to the input of inverter No 


via series resistor Ris. Depending on the 
measured logic level, the inverter sup- 
plies either a low output level (input = 
high), or a high output level (input = low). 
Hence, the LED at its output, Die, lights 
only if the measured level is high (1). 


TTL and CMOS 


There are a large number of significant 
differences between ICs from the TTL 
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IC MONITOR 


(transistor-transistor logic) and the CMOS 
(complementary metal-oxide silicon) fam- 
ily. The most important difference is the 
supply voltage range of about 4.5-5.25 V 
for TTL circuits against about 3-18 V for 
most CMOS ICs (note: there are many ex- 
ceptions to this rule). 

Since the IC monitor is to be suitable 
for use with TTL as well as CMOS ICs, it 
would appear logical to use CMOS inver- 
ters from the well-known CD4000 series, 
since these have the larger supply voltage 
range. Unfortunately, the outputs of these 


N1...N6 = IC1 — 74HC14 
N7...N12 = IC2 = 74HC14 
N13...N18 = IC3 = 74HC14 


ICs can notsink enough current to drive a 
LED direct. The alternative, 16 discrete 
current amplifiers, must be rejected be- 
cause it would require a quite complex 
circuit. There is, however, an IC family 
capable of working at relatively low sup- 
ply voltages and sinking the current re- 
quired to light a LED: the 74HC series. 

The one disadvantage of the 74HC 
series, the maximum supply voltage of 
about 6 V, is fairly simple to overcome by 
using a series regulator which limits the 
supply voltage taken from the circuit 
under test to a value which is safe for the 
inverters in the IC monitor. This regulator 
is a discrete circuit, Rsi-Dso-T2. Before its 
limiting action starts, the output voltage 
of the series regulator follows the input 
voltage quite accurately, which is an im- 
portant requirement for 5-V digital sys- 
tems. 

Circuit Ti-Rse-D4». forms a voltage 
source which limits the LED current(s) to 
an acceptable level at relatively high sup- 
ply voltages. Let's assume that the circuit 
under test works at a supply voltage of 
12 V, and that the voltages across Di7 and 
Dis are about 2 V. Without Ti, the series 
resistor for the LED would have to drop 
about 10 V. Similarly, for a system opera- 
ting at 5 V, the drop would work out at 
about 3 V, which evidently requires an- 
other resistor value. The solution to this 
problem has been found in the use of a 
series resistance, Tı, whose value in- 
creases automatically with the supply 
voltage. Since Ti limits the LED voltage to 
about 2 V, a single resistor value (22 Q) 
may be used for the full range of the sup- 
ply voltage. 


Open input? 


In general, inputs of CMOS ICs must 
never be left open. You may have found 
out already from experiments that an 
open (non-connected) CMOS input causes 
the IC to heat up and destroy itself rapid- 
ly. The actual destruction is normally 
caused by excessive current drawn by the 
output stages. Obviously, this effect must 
be avoided at all times and calls for an 
additional function of the IC monitor: de- 
tection of open CMOS inputs. 

The circuit to do so is an oscillator, 
Nis-Nie-Ri7-Pi-Cé.. When switched on 
with Si, it supplies alternating low and 
high levels to the inverter gates via 
2.2 MQ resistors. When the oscillator is 
switched off, these resistors ensure well- 
defined low levels at the inverter inputs 
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that do not receive a logic signal from the 
circuit under test. The high resistor value 
of 2.2 MQ ensures at the same time that 
measured signals do not see an additional 
load, so that the inverters can follow the 
high and low levels reliably. 

Finally, note the type of diode in posi- 
tions Di7—Das: the 1N4151 is used rather 
than the perhaps more familiar 1N4148 
because of its lower forward voltage drop, 
which is essential for correct operation of 
the circuit. 


Construction 


Since the circuit is quite complex by the 
standards used in this series of articles, it 
is best to build the IC monitor on the 
printed-circuit board shown in Fig. 2. This 
board is available ready-made through 
the Readers Services. For those with ac- 
cess to a photographic dark-room and the 
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Circuit diagram of the 16-input IC monitor for TTL and CMOS digital circuits. 


necessary etching and drilling equipment, 
the mirror image of the track side of the 
circuit board is shown to enable a trans- 
parent film to be made from a photocopy. 

Since the pad density is fairly high in 
places, the PCB must be soldered with 
great care and precision. Work accurately 
and use a low-power iron and little solder 
to prevent short-circuits between adjacent 
tracks and pads. 

Start the population with the wire 
links. Next, fit the passive parts (capaci- 
tors, resistors, IC sockets, the preset and 
the pin header). Lastly, mount the transis- 
tors and the diodes (but not the LEDs), 
taking good care to maintain the correct 
orientation. 

The power transistor, T», is fitted with 
a small U-shaped heat-sink (TO-220 style) 
to assist in its cooling. The heat-sink is 
bolted on to the board together with the 
transistor. An insulating washer is not re- 
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Fig. 3. Track lay-out (reflected) and component mounting plan of the printed-circuit board for the IC tester. 


quired. Be sure to leave the terminals of 
the BD175 long enough so that they can be 
bent at right angles for inserting into the 
PCB holes without touching the heat-sink. 
Next, mount each LED such that the 
lower side of its plastic body is about level 
with the top of the heat-sink. Do not fit the 
completed PCB into the enclosure as yet. 


Initial test 


Use a pair of light-duty flexible test leads 
with small crocodile clips to connect a DC 
power supply of 5-18 V to any two pins of 
connector Ki. Set Pı to the centre of its 
travel. Set switch Si to position B (inverter 
inputs logic low). If the circuit works so 
far, the LED associated with the pin con- 
nected to the positive supply voltage will 
light. Set S1 to position A (oscillator on) 
and check that 14 LEDs flash. Adjust P: for 
the required flash rate. Next, systemati- 
cally connect the positive and negative 


COMPONENTS LIST 


Resistors: 

Ri-R:6 = 220 

R17 = 220k 
R18;R20;R22;R24;R25;R28;R30:R32;R34;R36; R38; 
R«o;Ra2;Ra4;Ras;R«s = 100k 
R19;R21;R23;R25;R27;R29;R31;R33;R35;R37;R39; 
Ret Ras; R45;R47:R49 = 2M2 


Reo = 2200 1 W 


R51 = 6800 


P1 = 1MO preset H 


Capacitors: 
C12 1010;25 V 
C2 = 1nO 
C3;C4;C5 = 10n 
Cs = 470n 


Semiconductors: 
Di—D16 = LED; red; 5-mm dia. 
D17-D4s = 1N4151 





Das = 2V7; 400 mW zener diode 
Dso = 6V8; 400 mW zener diode 
IC1;IC2:lC3 = 74HC14 

Ti « BD175 

T2 = BC337 


Miscellaneous: 

$1 « miniature toggle switch. 

K1 = 16-way angled pin header for PCB 
mounting. 

K2 = 16-way IDC socket. : p o 
K3 = 16-way IC test clip (e.g., ElectroMail — 
stock number 423-627). m o: 

TO-220 or TO-126 style heat-sink. 


- Approx. 50 cm 16-way flatcable. 


PCB Type 896140 (see Readers Services 
page). | 
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Fig. 3. Test clip wiring and connections. 
supply wires to all other inputs to verify 
the operation of the associated diodes 
(e.g., pair Diz-Dis for Ki pin 2). 


Case and test cable 


The completed, tested and adjusted 
printed-circuit board is fitted in a suitably 
sized ABS enclosure, for which a sug- 
gested front-panel lay-out is given in 
Fig. 5 (ready-made front panel adhesives 
are not available). Cut a rectangular slot 
in one of the short sides of the enclosure 
to enable an IDC (insulation displacement 
connector) to be connected to Ki. 

The construction of the 16-way flat- 
cable between the IC monitor and the test 
clip is illustrated in Fig. 4. Contrary to 
what many electronics retailers and con- 


nector manufacturers would have you be-’ 


lieve, an IDC is fairly simple to fit on to a 
Hatcable of almost any width, without the 
use of special (very expensive) tools. 

Cut the cable as straight as you can 
using a large pair of scissors. Insert it be- 
tween the socket (or header) and the asso- 
ciated cap, taking care to align the 
individual wires in the cable with the V- 
shaped clamps which are to receive them. 
Note the position of pin 1 on the connec- 
tor, which is usually marked. Make sure 
this pin is at the side of the single coloured 
wire in the flatcable. 

Most IDCs have a U-shaped cap with 
snap-in fittings on the side guides, which 
readily lock with the main connector. 
Carefully place the cap on the socket, 
pressing it down with equal force at both 
extremes to prevent one guide locking be- 
fore it is due. Use hand force to clamp the 
flatcable between the socket and the cap. 
Check whether the flatcable and the 
socket are at right angles. Next, use a 
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Fig. 4. 


small piece of wood and a light hammer, 
or a carefully operated vise, to press the 
cap further on to the socket until the parts 
click together. Apply a little more force to 
ensure a good connection. Some IDCs 
have an additional cap that functions as a 
strain relief. Fold the flatcable back and fit 
this second cap. 

Connect the pins of the 16-way IC test 
cdip to the corresponding wires at the 
other side of the flatcable. Be sure to con- 
nect the flatcable wires to the same pin 
numbers as Ki (Ki pin 1 goes to test clip 
pin 1, etc.). Finally, use an ohmmeter or a 
continuity tester to check whether all con- 
nections are in accordance with the circuit 
diagram. 


00000000C 


IC MONITOR 1 7 





The test cable is made from an IDC, a length of flatcable and a 16-way IC test clip. 


Practical use 


No doubt you will soon find the IC moni- 
tor an indispensable and easy-to-use test 
instrument for a wide variety of digital 
circuits. Open inputs are traced rapidly by 
switching Si to the oscillator position. Any 
one LED which starts to flash in addition 
to already flashing ones indicates an open 
input (remember that slowly changing 
logic levels applied to the IC may cause 
LEDs to flash if the oscillator is switched 
off with S1). If the frequency of a measured 
logic level exceeds about 25 Hz, the rele- 
vant LED no longer flashes, but appears 
to light at reduced intensity. Finally, make 
a habit of switching off the circuit under 
test before placing the clip onan IC. W 
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Fig. 5. Suggested front-panel lay-out. 





MAPLIN OPENS NEW £2 MILLION DISTRIBUTION CENTRE 


As part of its planned expansion campaign and 
still remain able to honour its pledge to cus- 
tomers for a same-day mail-out service, 
Maplin Electronics PLC has recently opened a 
new £2 million distribution centre at Womb- 
well, Barnsley. 

Local MP Terry Patchett unveiled a com- 
memorative plaque in the presence of a gather- 
ing of directors, staff, local suppliers and 
members of the local and trade press. 

For directors Roger and Sandra Allen, and 
Doug Simmons, it was a milestone on the road 
to further success for a business that began as 
a part-time venture in the back bedroom of a 
house in Essex in 1972. 

Roger Allen, the managing director, told 
Elektor Electronics; "We began by making up 
kits, but we had such difficulty in securing 
components that we decided to go into the 
business of supplying electronic components". 

With its dedication to its customers, the 
Maplin business has grown to such an extent 
that it is currently handling over 13,000 orders 
a week with an average order value of £18.00. 
Hence the need for this purpose-built distribu- 
tion centre. 

The new 95,000 sq.ft. centre, which stands 
on a five-acre site, has been created to ensure 
that orders are dealt with on a same-day dis- 
patch basis. The centre is a vast Aladdin's cave 
of electronic items, from the smallest compo- 
nent to complete electronic equipment. 

Incoming mail orders are dealt with at the 
head office in Hadleigh, Essex, and these, as 
well as telephone orders, are processed with 
the aid of comprehensive computer programs 
written entirely within the company. Dispatch 
details are sent immediately in data form over 
private circuits to the new distribution centre 


IEE MEETINGS 

5-8 Mar — Digital communications. 

8-9 Mar — Safety related control systems. 

18-23 Mar — Digital signal processing 
devices and applications. 

19-22 Mar — UK IT. 

25-30 Mar — Network technology. 


Information on these, and many other, events 
may be obtained from the IEE, Savoy Place, 
LONDON WC2R OBL, Telephone 01-24- 
1871. 


The SI Semiconductor International and 
INTERNEPCON will take place concur- 
rently from 20 to 22 March at the National 
Exhibition Centre, Birmingham. Details from 
the organizers Reed Exhibition Companies 
Ltd, Oriel House, 26, The Quadrant, 
RICHMOND TW9 IDL, Telephone 01- 
948 9900. 





where they are printed and prepared for dis- 
patch to the customer — all in one day! 

Details of over 300,000 customers who 
have bought from Maplin over the past three 
years are held on a computer data-base and 
these customers are mailed twice a year with 
information of new items. 

In the October mail-shot, customers are en- 
couraged to purchase the annual catalogue 
which has complete information on the total 
range of 7,000 stock lines. The catalogue may 
be bought by mail-order or from any branch of 
W H Smith, who account for the distribution 
of about 130,000 out of the 200,000 catalogues 
sold. 

Eighty per cent of Maplin's turnover comes 
from private individuals who are purchasing 
for their hobby, Maplin publishes a bi-monthly 
magazine that gives technical information and 
constructional details of a number of projects. 

The company now has 11 retail shops in 
major towns and cities, including London, 
Bristol, Manchester, Birmingham, Leeds, Not- 


— —BymgmNTS 


A five-day course on direct broadcast satel- 
lite television is being organized jointly by 
ERA Technology and Professor B.G. Evans 
of the University of Surrey. It will take place 
from 26 to 30 March at the University in 
Guildford and is intended to provide dele- 
gates with a sound technical background in 
satellite TV and supporting technologies, as 
well as the commercial insight to take full ad- 
vantage of current and developing business 
opportunities. Details from ERA Technology 
Ltd, Cleev Road, LEATHERHEAD KT22 
7SA, Telephone (0372) 374151. 


The Financial Times eighth conference on 
Television and Satellite Broadcasting, 
which will be held in London on 28 February 
and | March, coincides with a crucial turning 


tingham, Southampton, Westcliffe, Newcastle 
and Reading. 

From the customer records built up on the 
computer, Maplin has been able to identify 19 
more areas in the country where Maplin shops 
could be sited and it is planned to have a total 
of 30 shops operational by the end of 1993. 

A very small proportion of the ready-made 
modules that are for sale are manufactured by 
Maplin using out-workers, but the vast major- 
ity of the product range comes from manufac- 
turers in the UK and abroad. 

Because of the very wide range of stock 
lines, the company buys from numerous sup- 
pliers, most of whom are in the UK (some 
500) but some (about 25) in the Far East. 

The main Maplin computer, based at 
Hadleigh, is equipped to process 90 orders si- 
multaneously: it has 675 Mbytes of on-line 
disk storage. This is used for order processing, 
supplies to the shops, stock control and pur- 
chasing. A smaller, 32-line, computer serves 
the distribution process at Wombwell. Stock 
orders from the shops are received in data 
form via the telephone and a complete Elec- 
tronic Point of Sale system is being designed. 

All the Maplin computer software has been 
converted to run under the operating system 
named PICK and this, apart from being an ideal 
system for commercial use, also has the advan- 
tage of allowing a range of hardware being 
used without the necessity of alterations to the 
software. 

Apart from expansion in the UK, Maplin 
intend to penetrate more deeply into continen- 
tal European countries and so be able to sell 
direct to greater numbers of individual cus- 
tomers there by early 1992. a 


point for the media industries, both in the UK 
and in the rest of Europe. One year into the 
direct-to-home satellite revolution in Europe, 
top speakers will be examining the implica- 
tions of Britain's legislative moves towards 
deregulating broadcasting and the creation of 
new channels, the scheduled launch of British 
Satellite Broadcasting and the impact of a 
second Astra satellite. Details from Financial 
Times Conference Organization, 126 
Jermyn Street, LONDON SWIY 4UJ, 
Telephone 01-925 2323. 


The Digital Cordless Communications con- 
ference, to be held at the Meridian Hotel, 
London on 12 March, and the Open Systems 
& Interoperability conference to be held at 
the QEII Centre, Westminster, London from 
26 to 29 March, are organized by Blenheim 
Online Ltd, Blenheim House, Ash Hill 
Drive, PINNER HAS 2AE, Telephone 01- 
868 4466. a 
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VFO STABILIZER 


The stabilizer presented here enables the 
precise tuning of HF oscillators for up to 
100 MHz if these have a frequency control 
input. That input is normally used for va- 
rying the capacitance of a varactor. 

The signal at the input of the circuit is 
amplified by a fast operational amplifier, 
ICi. The output of this opamp is a rectan- 
gular signal that is applied to the D (data) 
input of bistable FFi, The clock input of 
the bistable is provided by generator IC. 
The two outputs of the bistable are the 
product of the clock and the input signal. 
The frequency of this composite signal lies 
between 0 Hz and half the clock fre- 
quency. To ensure the best possible con- 
trol characteristic, the output signal of the 
bistable is compared with a reference sig- 
nal that has a frequency one quarter of the 
clock. To that end, a second bistable, FF2, 
is connected as a binary scaler; its input is 
provided with a signal whose frequency 
is half that of the clock applied to FF. 

The differentiating network at the out- 
put of FF: uses only the negative pulses of 
the output signal, whereas that at the out- 
put of FF? uses only the positive pulses. 
All these pulses are combined in an inte- 
grator, resulting in a stable control volt- 
age. Since both the Q and the Q output are 
used, the ripple is halved. 

If the frequency of the input signal is 
not stable, the amplitude of the integrated 
signal varies. The variations are used to 
control the oscillator in a manner where 
the deviations are negated. 

The clock is constructed around a 
CD4060 and an inexpensive watch crystal. 
The crystal may, of course, be replaced by 


a different type, as long as this has the 
required stability. 

The clock frequency, and thus the re- 
quired grid, is set with the aid of jump 
leads. The frequency on row B must al- 
ways be half that on row A. 

The construction and alignment 
should not present any undue problems if 
the circuit is built on the PCB shown 
below. The oscillator is set to exactly its 
centre frequency by Cs: this can be veri- 
fied at test point TP, which carries the 
buffered clock frequency. 

The circuit is powered by a 12-V sup- 
ply that is brought down to 5 V and stabi- 
lized by regulator ICs. 

Indicator De remains out as long as 
long as the oscillator frequency is stable. 
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If the frequency drifts, the IED lights, its 
colour and intensity indicate in what di- 
rection drift occurs and how serious the 
drift is. 

The integrating action may be disabled 
by Si, which allows the circuit to settle 
down more rapidly than with it on. " 








COMPONENTS LIST 


Resistors: 







3 Ak | cC RasRi1;Ris 

i tok | Ro 

| ow = ER. 

6 M = R«-Rz;Rio;Rt2.— 
1 10M us RE qe 
1 220k Re 

2 6800 RRIS — 
Capacitors: . 

1  28nceramic. nU 

1. 4u716V — C2 

1 100nF ceramic - Ca 

Q1  10nFceramic C4 

4  470pF polystyrene § Cs—Ca 

1 . 60pF trimmer Ce 

d  33pF C10 

1 68pF CH 

2 10 MKT C12;C13 

2 47pF 16V C14;C15 

1  100nF MKT C17 
Semiconductors: 

5 1N4148 D1-Ds 

1 bicolourLED De — 

1  uA733 AG 
1 74F740r74S740r74AS74 C2 = 
1 CD4060 Lo esc 

1  LF411 [C4 

1  78L05 ICs 
Miscellaneous: 

1 SPST switch ‘St. 





1 crystal 32.768 kHz Xi 
1. PCB : 894023 








INTERVAL CONTROL FOR 
CAMCORDERS 


Philip Bosma 


Prices of camcorders have shown a welcome reduction over the last year or so, and 
an increasing number of enthusiasts are using these successors to the 8-mm and 
16-mm film camera. The circuit described here is an accessory that allows 
recordings to made of events that take a relatively long time. The opening of a 
flower, for instance, can be filmed at regular intervals and then played back in a few 


The recording principle of the camcorder 
is basically the same as that of a film 
camera: a series of individual pictures is 
captured and subsequently played back to 
reproduce the original visual impress- 
ions. The camera of a camcorder has a 
range of shutter speeds, in economy mod- 
els ranging from 150 to 11000 and in the 
more luxury models from YV50 to “ooo 
Short shutter times allow the user to make 
recordings of relatively fast events as they 
occur in, for instance, sports. By contrast, 
long shutter times are required to ensure 
sufficient intensity of incident light on the 
recording element, which is usually a 
CCD (charge-coupled device). As in film 
cameras, these shutter speeds are not suit- 
able for slow-motion filming, which there- 
fore requires a different approach. 

The usual method is to make short rec- 
ordings at regular, adjustable, intervals. 
When these recordings are played back at 
the normal speed, the relatively slow 
event is reproduced at a much faster rate. 
In this manner, a slow event with gradual 
change that takes, for instance, an hour, 
may be shown in a few minutes or even a 
few seconds. 


The circuit described here is switched. 


on automatically during a predefined 
period of time. After each recording peri- 
od, the camcorder is switched back to the 
stand-by state, the length of which is also 
defined by the user. The circuit effectively 
disables the interval switch (or pause 
switch) in the camcorder. This switch is 
usually of little use and offers a fairly 
crude control. 

Practical use of the control is simple: fit 
the camera on a tripod or mount it on a 
table, aim and focus it on the flower, and 
switch on the interval control. After half 
an hour, or an hour, or even longer, de- 
pending on the flower, a perfect recording 
has been made of the flower opening. 


The circuit 


The circuit diagram shown in Fig. 1 could 
hardly be simpler. Note that only one IC 
is used, and that about half the circuit 
serves no other purpose than the control 


seconds. 


Fig. 1. 
with adjustable on and off times. 


of an indicator LED. The result is a small 
circuit board for which a compact enclo- 
sure should be easy to find. A single 9-V 
PP3-size battery is used to power the in- 
terval switch. Since the circuit consumes 
little power, the battery should offer suf- 


100n [|10u 
16V 





Circuit diagram of the interval control, which is basically an astable multivibrator 


ficient capacity for extended periods of 
operation. 

The interval control is basically an as- 
table multivibrator with adjustable fre- 
quency and duty ratio. Resistors Ri, R2 
and R4 determine the voltage at the non- 
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inverting input of opamp A1. Because of 
feedback resistor Rs, the voltage at the 
non-inverting opamp input is either 1⁄4 or 
3A of the supply voltage, depending on the 
output voltage of the opamp. The hys- 
teresis so created in the switching beha- 
viour of the opamp causes it to function as 
a kind of Schmitt-trigger. The R-C combi- 
nation between the inverting input and 
the output of the opamp extends this func- 
tion to that of a multivibrator. 

The opamp output is high if the voltage 
across Ci is lower than 0.25Ub. The time 
needed to charge Ci from the low trigger 
threshold, 0.25LI», to the high trigger thre- 
shold, 0.75Ub, is determined by preset P? 
and potentiometer Ps. The total resistance 
set with P2 and Ps is in direct proportion 
to the time the opamp output remains 
high. When the voltage across Ci exceeds 
the high threshold level, the opamp out- 
put goes low. As a result, Ci discharges 
until the lower trigger threshold is 
reached. Diodes D: and D» allow different 
times to be set for the charging and dis- 
charging of C1. 

Transistor T2 conducts as long as the 
opamp output is high. In this condition, 
the remote control inputs of the cam- 
corder are connected via MOSFET T2 so 
that the recording function is switched on. 
This lasts until Cı has discharged to the 
lower threshold level, when the opamp 
toggles and T2 is switched off. 

The component values in the mutivi- 
brator allow maximum recording-on and 
recording-off times of about 400 s to be 
set. A minimum setting is provided by 
preset Pi to ensure that the camcorder has 
sufficient time to produce a synchronized 
picture. This minimum recording interval 
is called the backspace time and is speci- 
fied in the user manual with most cam- 
corders. If the backspace time is not 
known, it is fairly simple to establish from 
a few experiments. 

The second part of the circuit is the 
recording-on indicator set up around 
opamp Az. This is configured as an astable 


multivibrator of which the duty factor and, 


output frequency are fixed. It is started the 
moment At supplies a high level. Diode 
Ds causes the on-time of A» to be much 
shorter than the off-time so that LED Ds 
flashes. This is done to reduce the average 
current consumption of the circuit to 
about 3 mA whilst ensuring a clear indi- 
cation that a recording is being made. 


Building the control 


Figure 2 shows the component mounting 
plan and the mirror image of the track side 
of the small PCB. Construction of the cir- 
cuit is straightforward. Start by fitting the 
solder pins, followed by the resistors, 
presets and capacitors. Next, mount the 
diodes, the integrated circuit and the tran- 
sistors. Use little solder and work accur- 
ately. 

Potentiometers P2 and P4 are either sol- 
dered direct to the board, or connected to 
it via short lengths of insulated wire. 

Finally, fit the circuit into a small ABS 
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INTERVAL CONTROL FOR CAMCORDERS 





enclosure with a battery compartment. 
The timing controls, the on / off switch and 
the indicator LED should be fitted on the 
top panel for easy access. 

The interval control is connected to the 
camcorder by a short length of 2-wire 
cable. A 3.5 mm jack plug is used at the 
side of the interval control, and a 3- or 
5-pin DIN plug at the side of the cam- 
corder. = 


GeEbe 300003 





COMPONENTS LIST 






Resistors: 





5 1MO R1;R2;Rs;Re;R7 
1  4k7 R3 

1  560k R4 

1 3M3 Re 

1 47k Rs 

1 1500 Rio 

2 50k preset H P1;P2 

2 2M5 lin. potentiometer P3;P4 









Capacitors: 











1  220u 16V C1 *o 

1  14016V C2 - 

1  100n C3 

1  104016V C4 

Semiconductors: 

3  1N4148 D1:D2:Da hà 

1 LED Da boo | ; 1. 

1  BC547B T: dr = a f 

1  BS170 T? | 

1 TLOS2 IC: es o--1i—9 £s @l 
10 O+ 6 651 





Miscellaneous: 
1 3.5mm jack socket K1 
1 miniature SPST switch 81 
1 PCB 900003 






Fig. 2. Single-sided printed circuit board 
for the interval control. The time controls, P3 
and P4, may be soldered direct to the board. 
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REPLACEMENT FOR TCA280A 


The "Computer-controlled slide fader" we 
published in 1988 (Ref. 1) was based on 
dimmer chip Type TCA280A. In spite of 
this device being a Philips Components 
preferred product at the time, it proved 
difficult to obtain for many readers. When 
approached, Philips Components ad- 
mitted that they had taken the TCA280A 
out of production without prior warning, 
and that no pin-compatible replacement 
was available. 

It has taken us some time to find a 
suitable replacement and have found that 
the Type TCA785 from Siemens is a good, 
but not pin-compatible, substitute, which 
also required some redesigning of the 
original circuit. The result is shown in the 
circuit diagram, Fig. 1. 

The VSYNC input is provided with a 
50 Hz square wave, which is used inter- 
nally for mains synchronization. The IC is 
powered via R2, Ds, Ci and zener diode Ds. 

An internal current source, set by P1 
and Rs, causes a linearly rising voltage on 
Cs. At each zero crossing of the mains 
voltage, C3 is discharged rapidly, so that 
the potential across it has a sawtooth 
waveform. The amplitude depends on the 
setting of Pi. 

The sawtooth voltage is compared 
with a control voltage that is applied to 
pin 11 of IC: via filter R3-C». If the saw- 
tooth voltage rises above the control volt- 
age, a pulse is generated at pin 14 or 15, 
depending on the current half cycle (posi- 
tive or negative) of the mains voltage. The 
two outputs are connected to a triac via 
diodes Ds-Ds and resistor Re, which en- 
able the triac to be triggered. The instant 





COMPONENTS LIST 


Riek — 
 R2=3309 ——— 
Bik o 
RsR7=4k7 

P1 = 100k preset H 

. P2 = 10k linear potentiometer 


C1 = 470p; 25 V (fitted at track side) 


Gto 
















“Semiconductors: — — 
. 161 = TCA785 (Siemens; ElectroValue Ltd.) _ 






Tri: = TIC236 or TIC246. 















ture SPST switch. — ee 
4078 (see Readers Services 












Fig. 1. 


that the triac begins to conduct is, there- 
fore, dependent on the control voltage at 
pin 11, resulting in a voltage-controlled 
dimmer. The control voltage may be pro- 
vided by the slide projector or a poten- 
tiometer. In the latter case only, it is also 
possible to dim 12-V halogen lamps. 
Zener diode Ds then needs to be replaced 
by an 8.2 V type. 

The dimmer is aligned by adjusting Pi 
in the off condition, when the control volt- 
age is at a maximum, until the lamp just 
glows. 

The slide projector is aligned by setting 
the relevant potentiometer on the projec- 
tor PCB to the centre of its travel, when the 
lamp(s) should be out. 

When that is done, the lamp(s) should 
be switched on and off a couple of times 





Fig. 2. 


% see text 


Circuit diagram of the TCA785-based lamp dimmer circuit. 


to make sure that the two potentiometers 
(Pi and that on the projector board) are 
adjusted correctly. 

Since the control characteristic of the 
TCA785 is different from that of the 
TCA280A, it is not advisable to mix the 
two devices. 

When Si in the present dimmer is 
closed, the projector lamps are off: in 
other words, for normal operation, Si 
must remain open and it may, therefore, 
be omitted in some cases. LÀ 


Reference: 
l. "Computer-controlled slide fader" 


Elektor Electronics March 1988 and April 
1988. 
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The printed-circuit board may be used for four lamp dimmer circuits. 
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VIDEO MIXER 





A. Rigby & G. Dam 


This penultimate instalment discusses the third module in the video 
mixer: the keyboard with its many switches and controls for picture 
mixing and special wipe effects. 


The keyboard circuit forms the user inter- 
face of the video mixer. The block diagram 
in Fig. 11 shows the general structure. dud 
Each of the switches shown in a horizontal scs-sce 
row roughly at the cenire of the diagram 
has its own LED indicator. The switch 
states are demultiplexed to give two or, in ror psp 
some cases, four independent control sig- 
nals. The diagram also shows that the out- 
put signals of switches Ss—Si2 and S30-835 
are synchronized to the VSYNC signal. This 
means that any action on the keyboard , 
does not take effect until the vsYNC pulse 
is generated in the mixer. The 
synchronization eliminates unexpected 
switching effects occurring at random in- 
stants during the current raster. VSW VERTICAL 
The lower part of the block diagram SWITGHING 
contains an EPROM plus associated logic 
control circuits. The loading of state levels 
supplied by switches Si-S4 and S14-9%9 is 
synchronized by VSYNC to ensure that the 
effect associated with a particular switch 
becomes visible at the start of a new raster " üi i 
only. keylock 
After buffering, EPROM datalines D0- 
D5 are used direct in the mixer. Datalines 
D6 and D7, however, are first applied to a 
1-of-4 decoder to give the required control 
signals SC15-SC18. The combination of 
control lines MC1-MC6 and buffered da- 
talines D0-D5 provides a total of 64 differ- 
ent combinations, or 256 combinations if 
SC15-SC18 are added. Each combination 
represents a particular picture wipe or 
mixing effect. Fig. 11. Block diagram of the keyboard unit. 
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Fig. 12. Circuit diagram of the keyboard module in the video mixer. 
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Clearly, a total of 256 possible combi- 
nations results in an unwieldy number of 
effects. Therefore, a selection has been 
made on the basis of practical use. Ob- 
viously, this selection is subjective, but the 
user of the mixer is free to design and store 
his own set of effects, as discussed later. 

In the basic version of the mixer, the 
EPROM contains only one of 16 possible 
banks of picture effects —up to 15 may be 
added as required. The effects obtained 
from the above selection are stored in the 
first bank of the EPROM, and may be 
called up by a total of 20 keys. The first 
keyboard area consists of 16 keys, Sis—S29; 
while the second area consists of four 
keys, Si-Sa. The latter allows the user to 
select one of four effects offered by one 
key from the first (20-key) area. If you find 
this difficult to follow, look at the front- 
panel lay-out (Fig. 14) which provides all 
the necessary information for effective 
control of the mixer. 

As already stated, only a small part of 
the EPROM capacity is used, which leaves 
the user plenty of room to store new ef- 
fects combinations. The possibilities and 
rules that apply to customizing the effects 
set are detailed further on in this article. 
The banks with custom-designed effects 
are accessed with the aid of the block se- 
lect circuit. 


Table 1. 





: XX00-XXOF 
: XX10-XXI1F 
: XX20-XX2F 
: XX30-XX3F 


: XX40-XX4F 
: XX50-XX5F 
: XX60-XX6F 


: XX70-XX7F 


: XX80-XX8F 
: XX90-XX9F 
: XXAO-XXAF 
: XXBO-XXBF 


: XXCO-XXCF 
: XXDO-XXDF 
: XXEO-XXEF 
: XXFO-XXFF 





Content of the EPROM type 2764 in the keyboard circuit. Analyze the function of 
each databyte to learn how to program your own set of picture mixing and wipe effects. Use 
the data in Table 2 (below) for reference. 



















: CS — Mixed inputs Reference V- dsan | aom | H-waveform 
aigna VEN ORE es taken om ex bits: D7-D6 | bits: D5-D4 bits: D3-D2 | bits: D1-DO 
modulation board to ensure that a 
switching of video signals arranged by the - 
EPROM runs synchronously with the ver- T z 
tical as well as the horizontal sync pulses. = a -= x «| 
= E >| z o| 2 o| 2 
i "€ =| S| g s| g >| 2} s| 2) -| g| 8| 2 
Practical circuit High E à a| eL sS &| E| 2 a| E 
The circuit diagram of the keyboard cir- mS " Nibba | 
cuit is given in Fig. 12. Although a si- -D4 ID4|E 4 | 


zeable circuit, it is the simplest in the 
video mixer. 

Push-buttons 85-55, like 59-512, form a 00 01 
group of four switches of which only one 
is selected at a time. This selection is ar- 
ranged by a combination of a NAND gate 00 11. 
and a 3-input OR gate. Each switch has an 
associated activity LED which is driven by , 
an output of buffer [C4s. The 8 switching 01 01 
signals supplied by Ss-Si2 leave the PCB 
via connector KSWi. 

Switches 51-84 provide the two address 01 11 
signals AO and Al which select EPROM- 
resident effects and patterns. Switches 
530-835 are alternately connected to |10 01 
ground or the positive supply rail. Actua- 
tion of one of these switches is recorded 
by the bistable that follows it. The bi- | 10 11 
stables are configured as set-reset (S/R) 
types whose output signals are fed direct 
to other parts of the circuit as well as to |11 01 
buffer ICe4 which drives five switch-status 
LEDs. 

The two ICs in the top left-hand corner |11 11 
of the circuit, ICe and ICe2, form a priority 
encoder for switches Sis—S29. If one of the 
eight encoder inputs is made high, the x = function selected. 
output supplies the binary value of the (x) = 
number of the relevant input. If two keys 
are pressed simultaneously, the highest - 
value is passed to the output. Since two 
independent decoders are used, ICei and 





— 
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function selected but overridden. 


Table 2. Correlation between EPROM content and picture mixing effects. 
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$14 0000: 75 75 35 35 


35 75 75 


359 79 35 35 35 75 75 


ME 


54 $3 S1 S2 


Table 3. 


$4 $3 S1 


52 S4 $3 


87304-III-T3 





Sixteen bytes are reserved for each switch in keyboard area 1. Use the data in 


Table 2 to establish the associated mixer functions. 


ICs? are cascaded via their EI/EO (enable 
in/out) pins. This ensures that ICs: is dis- 
abled if one of the keys S21-82» is pressed. 

The outputs of the priority encoder are 
connected to a 4-bit latch, ICss, via three 
OR gates. The fourth data input of the 
latch is connected to the GS (group select) 
output of ICez. As a result, ICss supplies a 
4-bit key identification code. Gates No3— 
Nə suppress key bounce pulses and other 
interference. The 4-bit key code is fed di- 
rect to address inputs A4-A7 of the 
EPROM. Address inputs A8-A11 are 
given their respective levels by DIL switch 
block S3. Address line A12 is grounded, 
so that only the lower 4 Kbyte of the 


EPROM is used. The EPROM through the 
Readers Services, all switches in S3s must 
be closed. Alternatively, four wire links 
may be installed. 

EPROM address line A3 is connected 
to the Vsw signal. Bistable ICs7a ensures 
that level changes of the vsw signal are 
synchronized to the line-sync signal to 
prevent video source switching in the cur- 
rent picture line. 

Address line A2 is switched by the HSW 
signal, while the levels of A0 and A1 are 
determined by switches Si-S4. The rela- 
tion between the EPROM address and the 
effect on the picture is discussed further 
on. 


VIDEO-MIXER 


Ma LW MA ag AAS 


SEL il 


SEL Ill 


Fig. 13. 
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H-MOD 


V-MOD 


Front-panel lay-out shown at approximately 3095 of true size. 
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Construction 


The last module of the video mixer desk 
consist of two printed-circuit boards 
which are available ready-made as one 
piece through the Readers Services. The 
PCB is double-sided and through-plated. 
First, use a jig-saw to cut out the part 
which is to hold the mains transformer 
and the two PCB terminal blocks. The 
edges of this part of the board are indi- 
cated by holes. 

Mount the transformer and the termi- 
nal blocks on the supply board and put it 
aside for fitting into the enclosure later. 

The hole in the keyboard PCB created 
by removing the supply board forms a 
clearance for the slide potentiometers. 

Mount the following parts at the EPS 
side of the board: IDC cable headers 
KSW1, KSW2 and KMC;, and voltage regu- 
lator [Cés. 

Be sure to observe the opposite orien- 
tation of SIL resistor arrays R162 and Ries. 

Switches S13, S36 and $37 are self-lock- 
ing types. 

In some cases, the size of C12 forces this 
capacitor to be mounted at the EPS side of 
the board. 

Since the LEDs are integral to the swit- 
ches, these parts are mounted at the same 
time. 

To reduce cost, all ICs, except the 
EPROM, may be mounted without soc- 
kets. 
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Fig. 14. Component mounting plan for the double-sided, through-plated keyboard PCB. Note that the transformer section is cut out. 
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Resistors: 
R124-R128;R147-R152 = 3300. 
R129-R144; Riss; Riss:Ri1s7; Ries; R164; 
i Riss = 10k 
Ris; Ruta = 100k 
 Ris4Rise;Riss = 1KO — 
Ri59;R160 = 2700 
R161;R162 = 4k7 (8-way SIL resistor icd 


Capacitors: 
C122-C137 = 100n 
C120 « 10n : 
C121 =330n © 


Semiconductors: 
IC45:ICeo = 4093 
1C48;1Cs4 = 74HC239 
1C47:1C57;1Ces = 74HC74 
IC48 = 74HCT244 
IC49:1C51:1C53 = 4075 


The remainder of the construction is 
straightforward. Work accurately and use 
little solder to prevent short-circuits. Al- 
ways remember that fault-finding in a cir- 
cuit like this can be costly and 
time-consuming. 


Custom effects: over to you 


Table 1 shows the structure of the con- 
tents of the EPROM Type 2764 for this 
project. The 8 databits of the EPROM con- 
trol a number of functions of the mixing 
desk. The relations between the bits and 
the functions are summarized in Table 2 
The two least-significant bits, DO and D1, 
select one of four horizontal effects volt- 
ages. Similarly, D2 and D3 select one of 
four vertical effects voltages. Databits D4 
and D5 select the source that determines 
the horizontal reference voltage for the 
switching of HSW: this source is either the 
vertical effects voltage or the horizontal 
wipe potentiometer. Databit D5 controls 
the inversion of the picture. The two most- 


significant databits, D7 and D8, select the ; 
input signal source. The table and the bit 


assignment should enable you to analyse 
the function of each databyte in the ‘stand- 
ard’ EPROM fairly quickly. 

The logic levels present at the EPROM 
address inputs determine which of the da- 
tabytes is applied to the EPROM da- 
talines. This address emanates from 
switches Si-Sa and Sia—S29, and the HSW 
and VSW signals. The functions of the en- 
tries in Table 2 are explained below. First, 
however, assume that the remaining ad- 
dress lines are low. 

The table contains 16 lines, one for 
each effect switch in area 1. The remaining 
address locations in the ‘standard’ 
EPROM are empty. Each line invariably 
contains 16 bytes, each of which can be 
selected individually by applying the rele- 
vant address. Table 3 lists the functions of 
all variables. If, for instance, switches Si 
and Si4 are pressed (horizontal wipe), the 
first byte in the EPROM is initially put on 
the databus. Write down the binary struc- 
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COMPONENTS LIST 


ICso;ICs2 = 74HC00 


. IC55;lC64 = 74HCT365 


ICs56 = 2764 (order number 5861; see 
Readers Services page) 

lC58 = 74HC175 

[Cso = 4071 

ICe1;1C62 = 4532 

ICe3 = 74HCT154 

IC&s = 7805 

D7—D3e;Ds2-Dss = LED (in switches S1—S37) 
D40-D51 = 1N4148 


Miscellaneous: 

$1—812;814-S35 = push-button with integral 
red LED (Dataswitch 61-10404010). 
$13;$36;S37 = toggle switch with integral red 


_ LED (Dataswitch 61-20404010’). 


$38 = 4-way DIP switch block. 


. Tr! = mains transformer 2x9 V/2x9 VA) 


K1;K2 = 3-way PCB terminal block. 
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- KMCrKSWe = 20-way PCB header. 


.KSW:1 = 26-way PCB header. — 
Qty.2:  26-way IDC plug. 
Qty. 4: | 20-way IDC socket. 
Qty. 1: 25cm 20-way flatcable — — 
Qty. 1: | 40 cm 20-way flatcable 
Qty. 1: 60 cm 26-way flatcable 
Enclosure: e.g., ESM EP30/20* — 
PCB Type 87304-3 (see Readers Services — 


. page). 


Front-panel foil Type 87304-F (see Readers 
Services page). 


" ITW Switches * Division of ITW Limited + 
Norway Road + Hilsea * PORTSMOUTH 
PO3 SHT. Telephone: (0705) 694971. 


+ ESM + 119 Rue des Fauvelles « 92400 
Courbevoie * France. Telephone «33 1 
47.68.50.98. Telex: 630612. 





ture of the byte. From Table 2, it is ana- 
lyzed as follows: 


* Input II/IIl is used; 

* the horizonal reference voltage is sup- 
plied by the potentiometer; 

* the horizontal effects voltage is a ramp; 

* the vertical effects voltage is a ramp. 


When HSW is active —as a result of the 
horizontal ramp exceeding the reference 
level set with the potentiometer —the fifth 
byte is applied to the databus. Again refer- 
ring to Table 2, input 1/2 is selected. This 
mode causes a horizontal wipe effect with 
the position of the picture transition being 
determined by the slide potentiometer for 
the horizontal effects. 

The function of the EPROM-based con- 
trol words is similar for the vertical effects 
(assume that S2 and S4 are pressed). Desig- 
ning z and storing one's own picture effects 
is not simple. The tables and analysis of 
the 'default' effects in the EPROM, how- 
ever, should provide sufficient informa- 
tion to get you started. 


The last instalment of this article will appear in next 
month's issue of Elektor Electronics, Parts 1 and 2 
appeared in the January and February 1989 issue 


respectively. 


Fig. 15. Example of a picture-mixing ef- 
fect in four stages. 
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LOW-COST V/I DISPLAY MODULE 


by Mohd Abdul Sami 


The circuit described here is a modification to the "Digital V/I 
Display" published in this magazine some years ago). It can 
display more than one analogue input (on different read-outs), 
although it uses only one analogue-to-digital converter. 


The circuit diagram shows that the multi- 
plexer, IC4, is clocked by the MSD (most 
significant digit) output of analogue-to- 
digital converter (ADC) ICI via switch 
ICSc. As soon as the MSD output reveals 
that the relevant input has been converted 
and channelled to the output, the counter 
increments and another analogue input is 
selected by the ADC. The design is such 
that only one switch and one BCD-to-7- 
segment decoder (IC2 or IC3) are enabled 


at any one time. 

When the counter increments, its out- 
put disables the blanking input of the ap- 
propriate 7-segment decoder. At the next 
increment, Q3 resets the counter and the 
cycle repeats itself. 

Although it is possible to have three 
read-outs, the clock of the CA3162 is not 
really fast enough to ensure correct persis- 
tence of all three displays, although they 
remain perfectly readable. 


MULTIPLEXED 
DISPLAY 


If a third read-out is used, Q3 of IC4 
must be connected to the control input of 
an additional switch, Q4 to the blanking 
input of the decoder, and Q5 to the reset of 
the counter. 

The input voltage range is 0—0.999 V. 
The reference potential of all inputs is the 
LO input of ICI. = 


(1) July/August 1987, Supplement, p.5 
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display more than one analogue input (on different read-outs), 
although it uses only one analogue-to-digital converter. 
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plexer, IC4, is clocked by the MSD (most 
significant digit) output of analogue-to- 
digital converter (ADC) ICI via switch 
ICSc. As soon as the MSD output reveals 
that the relevant input has been converted 
and channelled to the output, the counter 
increments and another analogue input is 
selected by the ADC. The design is such 
that only one switch and one BCD-to-7- 
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at any one time. 

When the counter increments, its out- 
put disables the blanking input of the ap- 
propriate 7-segment decoder. At the next 
increment, Q3 resets the counter and the 
cycle repeats itself. 

Although it is possible to have three 
read-outs, the clock of the CA3162 is not 
really fast enough to ensure correct persis- 
tence of all three displays, although they 
remain perfectly readable. 


MULTIPLEXED 
DISPLAY 


If a third read-out is used, Q3 of IC4 
must be connected to the control input of 
an additional switch, Q4 to the blanking 
input of the decoder, and Q5 to the reset of 
the counter. 

The input voltage range is 0—0.999 V. 
The reference potential of all inputs is the 
LO input of ICI. = 


(1) July/August 1987, Supplement, p.5 
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PLOTTER MARK-II 


with a contribution by B. Lewetz 





The plotter we published roughly two years ago is among our most 
popular projects thanks to a relatively simple mechanical 
construction and the availability of an associated stepper motor 
driver board. Although a number of readers have sent us 
suggestions for software drivers that would enable the plotter to be 
used with popular computers, only Mr. Lewetz’ contribution proved 
to meet the requirements as regards use of the driver on IBM PCs, 
and (at least partial) compatibility with the industry-standard HPGL 
plotter command language. Before introducing the software, 
however, we avail ourselves of the opportunity to propose some 
improvements to the mechanical design of the plotter. 


Like its predecessor (Ref. 1), the Mark-I] 


version of the plotter uses paper move- 
ment for the Y-direction, and pen move- 


ment for the X-direction. As such, the 
operation of the plotter is not unlike that 
of a matrix printer. The platen which 
causes the paper movement is operated 
direct by a stepper motor. The pen car- 
riage is coupled to another stepper motor 
via a string. Small solenoids control the 
pen up/down movement. The simple 
mechanical construction and the possi- 
bility of customizing the plotter width in 
accordance with the maximum required 
paper width are important factors that 
made us prefer the above arrangement 
over the more complex X-Y variant. 

The plotter works in conjunction with 
a control board which translates a bit-pat- 
tern applied to its input into the corre- 
sponding control signals for the three 
solenoids and two stepper motors. The 
circuit is based on two special stepper 
motor driver ICs from Motorola which 
obviate complex bit-shift and timing oper- 
ations for the control of the half-step and 
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full-step modes as well as the for- 
ward/reverse movement of the stepper 
motors at the required accuracy. The 
chips, Type MC3479, allow the 8-bit wide 
input of the control board to be driven by 
a Centronics (printer-) port, which is 
available on almost any IBM PC-XT, AT or 
compatible. Connection details are given 
in Fig. 2. 

The control board used for the new 
version of the plotter is that discussed in 
Ref. 1: no changes are required, and the 
circuit works in conjunction with the soft- 
ware package described further on. 


Mechanical work 


Since the mechanical construction of the 
plotter is discussed at length in Ref. 1, 
there is no need to repeat it here. The new 
working drawings, Figs. 1 and 3, and the 
associated parts list reflect most of the 
mechanical changes made to the original 
design. The most important change is that 
the Mark-II version is about 10 cm wider, 
which allows A2 paper to be used side- 


ways and A3 paper lengthwise. Four 
paper rollers are used instead of two for 
improved accuracy of the Y-movement. 
Also, the platen is fitted with a 12 mm 
diameter bearing at the free side to reduce 
friction (see Fig. 4: the original had a 
nylon bushing). 

Further improvements to the original 
design have been suggested by numerous 
readers. The use of a lathe to reduce the 
diameter of the platen at the locations of 
the sandpaper grips, for instance, may be 
gone round by covering the platen in flex- 
ible conduit. The same is suggested for the 
paper rolls. It should be noted, however, 
that these modifications may result in dif- 
ferent step sizes for the horizontal and 
vertical movement, which may require 
software-controlled compensation. 

Further suggestions as regards im- 
proving the mechanical stability of the 
plotter entail the use of 4-mm thick alumi- 
nium, stainless steel or silver steel. One of 
our readers in Greece, a lathe operator by 
profession, has built the plotter from 
stainless steel, using sintered metal for the 
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MAIN | SPECIFICATIONS | 


Hardware: 
is e beem plotter for paper size up to DIN-A2 - 
— (594x420 mm) -— 


.* repeatability: «0.1 mm 
: . S colours. 
: simple construction - 
| control board with centronics input 


T ‘Software: 
-* partially HPGL compatible (6 commands 
. Supported) 
© plot commands sent via Centronics port 


os - compatible with Elektor Electronics plot- 
. ter driver board 


> software spooler 

.* configuration file 

S programmable plot speed 

> multitasking Turbo-C contro! program 


a man programs for: 
_ keyboard control 
- plot file formatting - 
c x a fuli/half-step operation 





bearings, and PTFE (teflon) for the rollers. 
The use of high-grade metals, however, 
requires a wide range of tools and other 
special materials from your local hard- 
ware shop, and, of course, access to a 
lathe. 

The nylon string is a crucial part and 
requires special attention because it must 
be secured in a manner that eliminates 
any risk of slipping on the spindle of the 
X-motor. One string end is secured to the 
carriage at the side of the string wheel. 
From there, the string goes to the string 
wheel where it makes a left turn towards 
the X-motor. The carriage is pushed to the 
extreme left (X-motor side), and the string 
is wound on to the motor spindle (part id. 
10) until one particular point in the string 


is always in contact with the spindle. This . 


means that the total length of the wound 
part of the string is equal to or greater than 
the maximum X-distance that can be 
travelled by the carriage. The point in the 
string is secured at the top of the motor 
spindle with the aid of an M3 screw. 


Software 


The software driver developed for the 
plotter runs on IBM PCs and compatibles. 
The driver is written in Turbo-C (Borland 
version), and is capable of reading plot 
files with a reduced command set to the 
HPGL, Calcomp or Gould standard. The 
program converts the data and commands 
in these files into coordinate numbers in 
the relevant plot area before it sends, via 
the Centronics port, the necessary motor 
and pen control commands to the plotter 
driver board. 

To be able to generate a usable plot file, 
the CAD program which is used to make 
the drawing must have plotter types 


Fig. 1a. 


Fig. 1b. 


Table 1. 


Ao 





AS =3 
PW =0 
WB = 100 
2X =0 


nais D 


3X =0 
3Y «0 


-MX = 1700 


MY = 2000 
SD =4 
SS =1 
GS =0 
PT = 55 
LA =1 
BV = 1 
PS = 1 
RA = 1 
SX = 100 


SY =100 ~ 








x 


General parts identification of the plotter. 





Parts identification for the side plates which hold the stepper motors. 


Number of pens 

Pause at pen change (0/1) 

Wait time after pen actuation (clock cycles; 1-255). 
X-difference between pen 1 and pen 2 (-500—500) 
Y-difference between pen 1 and pen 2 (-500—500) 
X-difference between pen 2 and pen 3 (-500—500) 
Y difference between pen 2 and pen 3 (-500-500) — 
Maximum X-coordinate (0-1000) _ 

Maximum Y-coordinate (0—10000) 

Step duration (clock cycles; 1-255) 

Parallel port number (1/2) 

Full-step mode 

System clock (1—255) 

Loudspeaker on/off (0/1) - 

Slow/fast (0/1) : 

Plot language (1=Calcomp; 2-Gould; 3=HPGL) 


. Draw frame (0/1/2) 


X-scale (171 00095) 
Y-scale (1—100095) 





Parameters in the driver configuration file, MONDRIAN.SYS. 
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HP7220, Calcomp 81 or Gould 6200 in its 
device driver list. On completion of the 
drawing, the plot file is not sent direct to 
the Centronics port, but to a file which is 
temporarily stored on disk. 

The plotter driver program, MON- 
DRIAN.EXE, is called up with the plot file 
name as an extension, for instance: 


MONDRIAN NOZZLE.CAL 


To enable the driver program to find the 
plot file, it must either be listed in the 
same subdirectory, or the PATH configura- 
tion must be set accordingly. 

The program starts with a menu screen 
which shows the current options and par- 
ameters. The lower window on the screen 
shows the plotter commands as they are 
read and converted. 

The program works on two tasks in a 
quasi-simultaneous manner: the conver- 
sion of plot coordinates into step pulses 
for the motors, and, in the background, 
the sending of calculated values to the 
plotter control board via the Centronics 
interface. A problem may arise from the 
assignment of processor time to these 
tasks. If the calculations run too fast, the 
plotter forms a bottleneck after a relative- 
ly short time. Conversely, if the calcula- 
tions run much slower than the actual 
plotter control, the plotter wastes time 
waiting for new commands from the com- 
puter. The time sharing problem is elimi- 
nated by an auxiliary program, 
REALTIME.COM, which establishes an opti- 
mum time ratio for the two processes on 
the basis of the computer type used. 


SOFTWARE ON DISKETTE 


The plotter driver program and con- 
figuration utilities described in this 
article are available on a 5'V-inch 
360 KByte MSDOS formatted floppy 
disk under order number ESS117. 
Details on cost and ordering are 
given on the Readers Services page 
elsewhere in this issue. 
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PC - Centronics 
connector 


plotter 


Busy - input 


890175 - 13 





Fig. 2. Connections between the PC Cen- 
tronics port and the input of the plotter 
driver board. 


The driver program may be called up 
with a test switch: 


MONDRIAN /T 


to check quickly and without wasting 
paper whether the drawing fits on the re- 
quired paper size. If not, the scale factors 
must be modified accordingly. 


Parameters and 
configuration file 

The plotter driver program is simple to 
configure for different mechanical con- 


structions (as already noted, the construc- 
tor determines his own plotter width). The 


+S 


Ste 





PLOTTER MARK-II 





configuration file on the disk, MON- 
DRIAN.SYS, contains the start parameters — 
an example is shown in Table 1. The file 
contains ASCII characters only and may 
be edited with a word processor. Each line 
starts with a two-letter parameter identi- 
fication and a default value, which can 
take up to three digits. As shown in the 
example, each line is made complete with 
comment. 

When called up, the control program 
searches for MONDRIAN.SYS and loads the 
user-defined configuration. If the file can 
not be found, default values are adopted 
for the parameters otherwise loaded from 
MONDRIAN.SYS. A fair number of configu- 
ration options is available, from the num- 
ber of pens to the zoom factor and the plot 
language. The nX parameters (X-Y dif- 
ference) allow drilling inaccuracies in the 
pen holes to be compensated: in this man- 
ner, the inaccuracy caused by a pen (= 
colour) change can be kept smaller than 
0.1 mm. 


Limitations 


It should be noted that version 1.0 of MON- 
DRIAN.EXE recognizes only six HPGL 
(Hewlett-Packard Graphics Language) 
commands, while the language has many 
more. The same goes for the Calcomp and 
Gould formats: only six commands are 
supported. Fortunately, many problems 
caused by this limitation may be 
prevented by using the right plotter 
driver. Most CAD programs allow the 
user to select a particular plotter driver 
from a menu during installation of the 


Volume in drive A is ESS117 
Directory of  A:* 


MONDRIAN EXE 
MONDRIAN SYS 
MONDRIAN DOC 
HALFSTEP COM 


53962 

BOO 
$7735 
18060 
FULLSTEP COM 
KEYPLOT COM 
REALTIME COM 
READPLOT COM 15380 
3COLORS CAL 1764 
TESTPENS CAL 223 
NOZZLE CAL 55213 
COLUMBIA CAL 25984 
ESCHER CAL 9489 
README 957 
MONDRIAN MSG 2647 
UTILITY  MSG 2076 

16 File(s) 


18044 
19274 
17100 


iD A O (m QD D ( iD 40 !D 3D DONO 
q 4 € Sj 


56320 bvtes free 
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A — only in 1 
B — only in 2 for 
countersunk screws 





B7167 - 1c 


Fig. 3. Dimensions of all nylon and aluminium or stainless steel parts that must be cut, filed, turned and drilled. 
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: (en dimensions in mm) 


-. 1. side plate; left; aluminium; 60x70x3 mm. 
2. side plate; right; aluminium; 60x70x3 mm. 
3. angled support bracket for X motor; L- 
shaped aluminium; 20x40x4 mm; length 
60 mm. 

4. square connection bar; aluminium 
. 10x10 mm; 508 mm long. : 
5. round connection bar; aluminium/stain- 
less steel rod; dia. 6 mm; 508 mm long. 
6. round support bar for pen carriage; dimen- - 
sions as 5. 
7. round guide bar for pen carriage; dimen- 
sions as 5. 

8. round bar for pressure rolls; alumi-- 
nium/stainless steel rod; dia. 6 mm; length 
501 mm. 

9. platen; round aluminium bar; dia. 12 mm; 
length 514 mm. | 

10. shaft; aluminium; dia. 12 mm; length 
40mm. 
11. tiit lever for pressure tolis spindie; U- 
shaped aluminium beam 10x10x1 mm; 
length 48 mm. 
12. see 11). 

- 18. angled support bracket for string wheel; 





Fig. 4. A ball-bearing may be used where 
the plate is secured to the side plate. 


890175 - 12 





Fig. 5. 
roll. 


Detailed construction of a paper 


package. Programs like AutoCad and 
AutoSketch, for instance, use only six plot 
commands if a Hewlett Packard plotter is 
installed: circles and ellipsoids are drawn 
with the aid of MOVE and PLOT sequences 
rather than with the much more powerful 
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MECHANICAL PARTS LIST 


U-shaped aluminium beam 15x15x2 mm; 
length 14 mm. 

14. pen carriage; U-shaped aluminium 
beam 25x50x3 mm; length 60 mm. 

15. pen positioning plate; aluminium; 
8x50x2 mm. 

16. cable guide; U-shaped aluminium beam 
12x8 mm; length 508 mm. 


Miscellaneous parts: 
6 off slide bearings; nylon; Skiffy 08-6. 
1 off bushing for platen; nylon; Skiffy 08-4 or 
08-6, or suitable ball bearing. 

2 off washer rings for Y-motor; internal dia. 
3 mm; thickness 2 mm. : 
2 off rubber pressure rolls (e.g. cable grom- 
met). 
4 off fixing rings for dia. 6 mm spindle (e.g. 
Skiffy 11-1-6). 
1 off string wheel. 
3 off cylinder head screws M4x5. _ 

. 2 off cylinder head screws M4x10 (for fixing 
part no. 3). 
1 off cylinder head screw M4x20 with 3 nuts. 
5 off M4x5 screws with countersunk head. 
4 off cylinder head screws M3x40 (for "Xing 
stepper ey 


ARC command. This means that only a 
subset of basic HPGL commands is used. 
Since the present driver program, MON- 
DRIAN.EXE, is capable of handling the six 
basic commands, it should be suitable for 
many CAD packages, provided they can 
be configured to save plot files with the 
reduced set of HPGL commands. m 


Version | 


Stop at new pens 
tull-ste» 
speaker 
speed up/s 
frame 
number of pens 
parallel interface 


low down 


11347/1115 


41: 1347/1115 
412: H 
43 : 13 
44 1] 

i] 


nove to 
pen up 
nove to : 
pen down 
nove t 

nove 

move to :1] 
move ¢ 


529/11 23K 


45 i 1174/1274% 
46 ; 1158/1202K 
47 ; 1167/1291% 
48 ; 1168/1300K 
' 1174/1308X move Ra 

0 5 1859/17941 move t3 
E pen up 


0 ic) Copyright by El 


2 | ¢ 
x | 
i 


| continue - press any key... | 
——— ocu 


Fig. 6. 
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2 off oylinder haad screws M3x50 yor fixing 
. part no. 15). 

e off cylinder head screws M3x10 (for fixing | 
- string). oe 
2 off cylinder head screws M3x15 (for fi ixing 
spring brackets). 

. 4 off headless adjustment screws M3x3 (for 

fixing part nos. 9 and 10). : 

6 off bolts M2.6x5 (for fixing pen lift mag- 
nets). : 

16 off hexagonal nuts M3. 

2 off springs for pressure rolls spindle. 
string; e.g., wound fishing line 

fine grade sandpaper (for securing on 
platen). 





Electromechanical parts: 

2 off stepper motors; 200 steps/rev.; dual- 
phase bipolar; 200 mA/phase ie g. Berger . 

as used in disk drives). : 
3 off pen lift electromagnets: 12 V; e.g. Bin- 
der Magnete Type 40031-09B00. U 


Distributor of Skiffy products in the UK is- 
Salterfix Fasteners « Salter Springs & Press- 
ings Limited + Spring Road - Smethwick* 
Warley * West Midlands B66 1PF. Tele- 
phone: (021 553) 2929. Telex: 337877. — 


Reference: 


1. Plotter. Elektor Electronics May 1988 and 
June 1988. 


ektor, 1939 
nozzle,cal 
CALCOMP 
1700/2000 
1605/1008 
0.99 ms 
step 4 

pen movementi00 


file name 
piot commands 
frame size 
sealing 
clock 
clocks per 
c.ccks per 


/1308 
1659/ 1794 


C - cancel p - pause s- stop 


-———— —— ——- 


Screen dump of the plotter driver program, MONDRIAN.EXE. 





DIGITAL TRIGGER FOR 
OSCILLOSCOPES 


A. Rigby 


The circuit described here enables an os- 
cilloscope to be triggered when a pre- 
determined binary code word is applied 
to one of the circuit's inputs. 

Integrated circuits IC1 and IC? compare 
the 16 input levels with the code set by 
switches S1 and S2. If one of the inputs has 
a dataword that is equal for not less than 
100 ns to that set by Si and S», pin 19 of IC1 
goes high. Note that, because of the pull- 
up resistors, open inputs are treated as 
high. 

When pin 9 of [Ci is high, monostable 
MMYV2 is triggered and outputs a negative 
pulse from its pin 4. The length of this 
pulse is 0.1-1.5 us, depending on the set- 
ting of Pi. If during that time the pre- 
determined trigger value disappears, no 
triggering takes place. Potentiometer Pi is 
a logarithmic type to enable very short 
times to be set accurately. 

The output pulse from MMV: triggers 
a second monostable, MMV1, whose 
monotime has been set to 1 us by R23-C3. 

Either the positive signal from the Q 
output or the negative signal from the Q 
output, depending on the setting of Ss, 
may be applied to the oscilloscope. 

The printed circuit board is relatively 
small. Most resistors are mounted up- 
right. If difficult to obtain locally, the four 
single-in-line (SIL) resistor arrays may 
each be replaced by eight vertically fitted 
resistors whose top wires are cut short for 
connecting to a horizontally running wire 
to the +5 V line. i 


[4700] 
xk see text “LE 
s 100ns ..195s 


MMV1,MMV2 = IC3 = 74HCT 123 









COMPONENTS LIST 





Resistors: — 
Ri-Rie = 10k 
Rit7-Ro = 100k 
 Re1;R23 = 2k2 Em 
P1 = 100k logarithmic potentiometer 


Capacitors: 
Ci=10p 
Ca=47p 
Css1nO0 — 
C4 s 100n. 
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ICs 74HCT123 — — 














Miscellaneous: — — 
. 81:82» 8-way DIP switch. — i 
S3 = miniature SPDT switch. — 
K1 = BNC socket. — 
Qty. 18: miniaturetestclip, — — 
_ Enclosure: e.g., OKW A9010 065. = 
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EXPERIMENTAL BSB RECEPTION 


R.G. Krijgsman PE1CHY, J.C. Stekelenburg PEIFYZ and J. Buiting PE1CSI 


A wave of publicity recently swept over the UK announcing the launch of the 
five-channel BSB TV-satellite. Everybody seems to have an opinion on this event, 
and pages of comment have been written on it, even in technical magazines, without 
proof of the availability of receive equipment. The bottlenecks are, as we learn from 
informed sources, the aerial and the D-MAC set-top decoder. Well, squarial or no 
squarial, Elektor Electronics is proud to be the first international electronics 
publication to present pictures of MAC transmissions received from BSB and other 
DB satellites. Rather than gazing into a crystal ball, we show you a glimpse of a 
multi-standard MAC decoder for home construction that is currently being designed. 


At the time of writing (mid-January 1990), 
the launch of BSB's five high-power TV 
channels is due this spring. From a technical 
point of view, BSB offers two novelties: D- 
MAC and the flat dish or squarial. Other 
technical aspects such as the use of the DBS 
frequency band (11.7-12.5 GHz), circular 
polarization and medium-level transmit 
powers (approx. 55 dBW) will certainly be 
new for many satellite-TV enthusiasts, but 
are familiar from other broadcast services 
which have been in use for over a year al- 
ready. DFS Kopernikus (23.5? E) has about 
the same transmit power as BSB, while both 
TDF-1 and TV-SAT2 use D2-MAC, high 
transmit powers (61 dBW) and circular po- 
larization in the DBS band. Keen satellite- 
TV experimenters may also have noted the 
very strong signals from the two DBS TV 
transponders on board the Olympus satellite. 
One channel is currently allocated to RAI 
Italy, the other to British Telecom. The RAI 
channel is transmitted in PAL, while British 
Telecom alternately use PAL and D2-MAC, 
the latter for parts of the BBC-TV Europe 


INDOOR UNIT 


modified 
baseband 
output 


programme. TDF-1, TV-SAT2 and Olympus 
are positioned at 19? west. BSB is positioned 
at 31° West, which is more favourable for the 
UK because it allows the satellite's spot- 
beam to cover the target area at roughly 
equal signal strength, and because the dish 
elevation is not too low, 


Strong but unintelligible 


Whatever the standard, C-, D- or D2-MAC, 
MAC pictures are totally unintelligible on 
standard PAL monitors and TV sets used by 
hundreds of thousands of satellite- TV vie- 
wers in Europe. This is because the MAC 
standard uses a totally different method of 
picture and sound transmission, which is 
partly digital and time-multiplexed rather 
than frequency-multiplexed. Although set- 
top decoders for MAC channels are not yet 
available, it is surprising to note how many 
non-technical dish owners are aware of the 
existence of the MAC system, and even the 
meaning of the acronym. This awareness 
must be partly due to two D2-MAC channels 


-AGC DECODER 


pe] El 


Fig. 1. 
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AGC 
-Dee mphasis C/D/D2-MAC 


on the Astra TV satellite: Scansat TV-1000 
and TV3 (one of which is encrypted at low 
level). 

Both TV-SAT2 and TDF-1 are running 
experimental transmissions. TDF-1 has four 
transponders which are used for promotional 
purposes and technical experiments. TV- 
SAT2, the West-German DB satellite, car- 
ries four TV channels which run in parallel 
with DFS Kopernikus and Astra. Remark- 
ably, some of the programme material on 
TV-SAT2 isin PAL, while the satellite trans- 
mits in D2-MAC. So much for technical im- 
provements! 

The transmissions received from BSB 
during its pre-operational use that started in 
December 1989 are also experimental. Three 
transponders are already encoded, and one is 
in ‘clear’ D-MAC. As could be expected, the 
signals are strong and totally noise-free. 


Experimental equipment 


The equipment used for making the accom- 
panying colour photographs was assembled 


i Ll 


monitor 





Layout of experimental equipment used for making the colour photographs in this article. 








Photograph 1. BSB still test picture (D-MAC). Photograph 2. BSB colour-bar test chart (D-MAC). 
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Photograph 3. ARD-1 Fu-Bk-type test chart (TV-SAT2; D2-MAC). Photograph 4. TDF-1 station identification (D2-MAC). 


EUROSTEP 


Tuesday January 16 1990 


C.E.T 

09.00 NOTTINGHAM PAST AND 
PRESENT 

09.30 AROUND OUR SCHOOL 

10.00 PLATO PROGRAMME 


11.30 SOBA 

12.30 EUROPEAN PROPERTY 
DEVELOPMENT AND 
PLANNING 

13.00 VETERINARY TEACHING 
MATERIAL FROM CAMBRIDGE 

14.00 CLOSEDOWN 
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Photograph 5. European info programme (D2-MAC; Olympus). Photograph 6. RAI Fu-Bk-type test chart (PAL; Olympus). 
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Photograph 7. BSB still test picture (D-MAC). Photograph 8. Nordic-channel identification (ECS4; D2-MAC) . 





Photograph 10. BSB still test picture (D-MAC). 
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Photograph 9. Outdoor unit set up on a photographer's tripod 
in the garden. 





Photograph 11. Video clip in brilliant colours on TDF-1 (D2- 
MAC). 
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- * experimental CUT : 
hc = right-hand circular polarization. 


experimentally to test a prototype of a multi- 
standard MAC decoder which is currenty 
being developed in the Elektor Electronics 
engineering department. A preliminary de- 
scription of this unit, which we hope to pub- 
lish later this year, is given further on. 

The general layout of the equipment is 
shown in Fig. 1. The outdoor unit used for 
the experiments consists of a 60-cm off-set 
dish and a Type ST-980 LNB from Uniden. 
The latter is a fairly unique unit because it 
can be switched from CSS-band (10.95— 
11.75 GHz) to DBS-band (11.75-12.5 GHz) 
reception by means of two supply levels on 
the LNB downlead coax cable. The noise 
figure of this LNB is also remarkable at 
1.9 dB. A linear polarizer could be used with 
impunity because there is (as yet) no inter- 
ference from other satellites at the UK DBS 
position of 31? W (for the Euro-DBS posi- 
tion, 19? W, we use a piece of teflon in the 
round feed-horn to turn the linear polarizer 
with magnetic H/V selection into a circular 
feed). It must be noted, though, that the use 
of a linear polarizer for circular signals re- 
sults in a signal degradation of at least 3 dB. 

The indoor unit is a Type CX-8520R from 
Connexions. The baseband output of this re- 
ceiver is modified to provide the large band- 
width required by the MAC decoder 
(insufficient bandwidth results in high bit- 
error correction rates). 

Next in the configuration is a purpose-de- 
signed de-emphasis/AGC unit which is con- 
trolled by à digital signal supplied by the 
MAC decoder. This unit, which exists as an 
experimental design, is a quite elaborate cir- 
cuit to meet the EBU specifications in re- 
spect of the de-emphasis for D-MAC as well 
as D2-MAC (these specifications are not the 
same as those used for PAL). The AGC func- 
tion makes the operation of the de-emphasis 
section independent of the baseband signal 
level. This is an important aspect which en- 
sures that many types of indoor unit can be 
used with the decoder. 


What’s cooking? 


The heart of the system is formed by an 
experimental multi-standard MAC decoder 
based on the Type DMA2280 chip from ITT 
(Intermetall). The decoder, of which an in- 
side view is shown in Fig. 2, is controlled 
over a 4-wire cable by a PC running the 
CLIMB (Command Language for InterMe- 
tall Bus) interpreter from Intermetall. This 
interpreter allows sequences of read/write 
operations to the nearly 100 registers in the 
chips on the decoder board to be given a 
program structure, and works in conjunction 
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with a PC insertion card. The PC is, of 


course, required during the design stages 
only to establish the optimum program flow 
and register contents. If these parameters are 
known, almost any small microprocessor 
system can take over this task, running an 
EPROM-based program. The authors/de- 
signers are currently thinking of using a Z80 
and some peripheral chips for this applica- 
tion. 

The MAC decoder supplies RGB signals 
which are fed direct to a high-resolution 
monitor via its SCART input. Note that the 
decoder has registers for just about every 
picture setting, from colour saturation and 
brightness to horizontal sync delay and pic- 
ture positioning. Remarkably, the decoder 
obviates anything to do with PAL, SECAM, 
or remodulators because it drives the RGB 
circuits in the TV direct to ensure the best 
possible picture resolution. The MAC 
decoder has an option for automatic 16:9-to- 
3:4 aspect ratio conversion, which allows 
future HDTV transmissions to be seen on a 
standard (3:4) TV set or monitor. Some ex- 
perimental 16:9 transmissions have already 
been received from TDF-1. 
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Impressions 


Talking about picture resolution, the quality 
of a real MAC picture (not a PAL programme 
transmitted in MAC) is impressive even if 
you are used to day-to-day TV reception at 
good quality. The colours in the still pictures 
and the test charts transmitted by the BSB 
are, in a word, brilliant, and do not suffer 
from boundary effects and other colour ir- 
regularities. Cross-colour and moiré effects 
are completely absent, and the picture resol- 
ution is suddenly 6.5 MHz as compared to a 
‘lousy’ 3.5 MHz that can be resolved by 
most current PAL TV sets. Transitions be- 
tween deep red and blue, notorious in the 
PAL system for their blurred picture areas, 
are sharp as never before (note the coloured 
oval in the BSB logo, and R-to-B transition 
in the the TDF-1 ident). The sound accompa- 
nying the MAC programmes is in stereo at 
CD quality. Each BSB channel may have up 
to eight of these high-quality sound chan- 
nels. un 


Colour photographs for this article made by 
Robert Krijgsman on 4 January 1990. 
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Inside view of the prototype multi-MAC decoder. 
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POWER LINE MONITOR 


J. Ruffell 


Most of us are aware that computers and other digital systems can 
go haywire just like that. If neither the hardware nor the software can 
be blamed for the hang-up, spikes on the mains voltage are the most 

likely cause of the trouble. The power line monitor described here 
enables you to determine whether or not spikes occur frequently on 
a particular mains outlet, and whether or not digital equipment needs 

to be powered via a mains filter to reduce the risk of hang-ups or 


Sudden transient disturbances of the 
mains voltage are commonly referred to 
as surges or spikes. Since their peak volt- 
age can exceed the normal mains voltage 
by hundreds of volts, it is not surprising 
that mains-powered equipment behaves 
erratically or breaks down altogether. Un- 
fortunately, the occurrence of spikes is 
fairly difficult to record reliably, the rea- 
sons for which are mainly: 
* the occurrence of a spike is difficult to 
predict; 
* thevoltagerise hasa very short duration 
(typ. 10-500 ns); 
* voltage peaks in excess of 1,000 V are no 
exception; 
* the recording instrument must be con- 
nected to the mains line. 


Principle of operation 


The principle behind the power line moni- 
tor is shown in Fig. 1. Resistor R» forms a 
load for the rectified mains voltage. As- 
suming that the mains frequency is 50 Hz, 
the frequency of the voltage on R» is 
100 Hz because a full-wave rectifier, Di- 
D4, is used. Spikes typically have a much 
higher frequency and are, therefore, read- 
ily detected with the aid of a high-pass 
filter, Ci-Rt, where Rt is the input resist- 
ance of the detector circuit. The 3 dB roll- 
off frequency of this high-pass is about 
16 kHz, while its time-constant, t, equals 





Fig. 1. 


Principle of spike detection. 
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total break-downs. 
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RiCiz10 us. The function of Re may be less 
obvious in this basic circuit. Without it, 
however, Ci would be charged to the peak 
value of the mains voltage (approx. 
340 V). This would cause the diodes in the 
bridge rectifier to start conducting again 
if the mains voltage rises above this peak 
value. As a result, a 200-V spike during 
the mains zero crossing could not be de- 
tected since it would end up in the bridge 
rectifier. Re is, therefore, fitted to ensure 
that the voltage on C: follows the rectified 
voltage accurately. Hence, spikes are not 





MAIN SPECIFICATIONS 


© trigger level adjustable in six steps; - 
-50 V; 100 V; 250 V; 500 V; 1000 V 


| response time: «50 ns 


potential-free detector apor via Sup. = 
coupler (UcE(maxj- 32 Yo a 


- built-in mains power supply | 
- visual and audible spike indication 





GENERAL INTEREST 


blocked by the rectifier, and they are too 
fast to be 'followed' by Ci. The result is 
that each and every spike or dip on the 
mains voltage appears across Ri. Dips, 
however, are ignored by the detector cir- 
cuit. 


Circuit description 


Figure 2 shows the circuit diagram of the 
power line monitor. The mains voltage is 
rectified by a bridge circuit composed of 
four diodes Type 1N4007. This diode is 
used because of its peak reverse voltage 
specification of 1,500 V. The value of Re is 
a compromise between acceptable dissi- 
pation and sufficient loading of Ci. The 
high-pass filter is formed by Ci and Ri- Rs. 
The minimum working voltage of Ci must 
be 630 VDC since the device has on it the 
rectified voltage of about 340 V. The resis- 
tor ladder network, Ri-Rs, has only the 
spikes across it. 

The ladder network and the associated 
rotary switch allow spikes at a certain 
level to be attenuated before they are ap- 
plied to the trigger input of the detector, 
ICi», via the pole of Si. A Type 74HCT221 
dual MMV is used because of the follow- 
ing specifications, of which the import- 
ance is undisputed in the application 
circuit: 

* the inputs are protected up to 2.5 kV 
typical; 

* the input capacitance is low at 3.5 pF 
typical; 

* the minimum width of the trigger pulse 
is 14 ns; 

* the trigger level is accurately defined at 

1.3 V, which enables a simple voltage 

divider to be used. 


Note, however, that the actual minimum 
trigger pulse width is determined by the 
input attenuator and the stray capacitance 
of the input protection diodes, De-Dio, and 
the trigger input of ICib. This R-C combi- 
nation forms a low-pass filter that causes 
spikes to be detected only if they are 
longer than 50 us. 

Monostable multivibrator (MMV) ICip 
is triggered when the attenuated spike 
voltage exceeds the trigger threshold set 
with Si. On triggering, outputs Q and Q 
supply a 20-ms pulse. The pulse at the Q 
output is fed to [Cia, which lengthens it to 
about 1 second. During this time, LED Dii 
and buzzer Bzi signal the occurrence of a 





OPERATION AND CONTROLS 
Range switch (S1): set to expected 
spike level. Spikes exceeding set level 
are detected and indicated. - : 
Test switch (S2): press to test trigger 
_ function (manual trigger) uc 
LED (Ds): on/off Indicator 
_ LED Dn and buzzer Bz:: spike indica- 

















(IL10) 


IC1 =74HCT221 


900025. 12 


Fig. 2. Circuit diagram of the power line monitor. 
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Fig. 3. Printed-circuit board overlay and track lay-out (reflected). 
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COM PONENTS LIST 


 Peslsiors: RE 

| Rie = 4k87 1% 
Ras 1300 4955 
Rae 78R7 495 — 
. Rs = 26R1 1% 

Res 8066 1% 
 Rr-4032196 — 
 Rs-130196 

Res 100k 1 W cem 
 Hios8200 = 
Ru=680k .—— 
Riz? = 4700 
Rig = 4k7— 
E Ri4=4M7 
 Ris=10k —— 

Rio = 270k 


Capacitors: — 
 C1=1n0; 630V —— 

|. Cz;Cs C7 = 1400n 

. C3 = 470p; 25 V; radial 
C421 ID 


| Ce = 2u2; 16 V; radial 
Ce = 100n- o 


; Sidconduetors: 
Di — Da = 1N4007 





spike. The detection circuit may be tested 
by pressing Sz; this causes ICib to be trig- 
gered manually. 

The Q output of IC» drives an opto- 
coupler, IC3, to create a potential-free out- 
put, i.e., an output that is not at mains 
potential and, therefore, safe (within 
limits) for connection to other equipment. 
Connector K2 may be wired to the input 
of, for instance, an event counter to estab- 
lish the number of spikes that occur dur- 
ing a certain period. The output may also 
be used to stop a digital clock, or for other 
time-keeping purposes, to enable the 


origin of the spike to be traced. Another 
application is the use of a storage oscillos- 
cope to determine when and why a par- 






DC-AC converter 
July/August 1989, p. 49-51 


Only when used in conjunction with the 
external timebase circuit, the 4047 in the 
converter supplies an output signal with 
a duty factor other than 0.5. This causes 
the primary transformer winding to 
become saturated, and the dissipation in 
the power transistors to rise to uncon- 
trollable levels. To prevent this happen- 
ing, fit wire links 2-3 and 4-5 to keep the 
4047 operating in the astable mode. Con- 
nect pin 2 of the timebase circuit (100 Hz 
signal) to pin 3 of the 4047 via a 10 kQ 
resistor. Remove Ri and Ci from the main 
converter board. 

Attention: none of the above changes 
applies to the free-running version of the 
power converter. 
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| D= = LED 5mm green 


De;De;Ds;Dio = 1N4148 
‘D7 = 1N4001 
Dit - LED; 5 mm; red 
Ti = BC547B. 
IC1 = 74HCT221 
. 102 = 78L05 


/.— 1€3 « CNY21 or IL10 (Siemens; Electro- | 
é Value Ltd.) - 


Miscellaneous: 
$1 = 2-pole 6-way rotary switch for PCB 
. mounting; plastic spindie. 


— Ses miniature push-to-make button. 


Bzi = 5-V active buzzer, 

F1 = fuse; 50 mA; slow; with PCB-mount 
holder. 

Tri = 9 V/0.35 VA mains transformer. 

Ki = 2-way mains-rated terminal block. 

Ke = 2-way terminal block. rue 
ABS mains supply case; outside dimen- mc 
sions: 120x65x40 mm. p 
PCB Type 900025 (see Readers Services. 
page). 


ticular computer broke down owing to a 
mains surge. 

Because of the limited drive capacity of 
the 74HCT221, the LED in the optocoupler 
is not fed with its maximum current. This 
means that the external collector resistor 
for the optocoupler must not be smaller 
than 10 kQ to ensure that the phototran- 
sistor is just driven into saturation. 

Be sure to connect the external collector 
resistor and the emitter of the optocoupler 
to the positive supply and ground respec- 
tively of the recording equipment 
(whether digital or analogue), never to the 
+5 V and ground lines of the power line 
monitor, since these may be at mains 
potential. 










| CORRECTIONS - 





Simple AC millivolt meter 
January 1990, p. 22-25 


In the circuit diagram, Fig. 1, the voltage 
shown at the base of Ts is measured with 
respect to the positive supply rail. 


Dark-room clock 
February 1990, p. 62-66 


The value of Ri7 (1 kQ) is best increased to 
10 kQ to prevent Ts overloading the Q13 
output of ICi, which may cause erroneous 
clocking of IC1. 

In Fig. 4, pin 9 of ICi should also be 
circled to indicate that a through-contact 


POWER LINE MONITOR 


The 45 V voltage for the power line 
monitor is provided by a standard power 
supply based on a mains transformer and 
a fixed-voltage regulator, IC2. Note that 
the use of this supply does not mean that 
the low-voltage part of the circuit is safe 
to touch. 


Construction and initial test 


With safety in mind, it is best to construct 
the circuit on the printed-circuit board 
shown in Fig. 3. This board is mounted 
into a so-called power supply enclosure 
which is supplied complete with line and 
neutral pins for plugging into a mains 
outlet. 

Capacitor Cs is not shown on the over- 
lay, but may be connected in parallel with 
Ris at the track side of the board. The 
rotary switch must be a type with a plastic 
shaft, and the push-button must be fitted 
recessed, so that none of its metal parts 
protrude from the enclosure. 

All equipment connected to K» must be 
powered from a separate supply, battery 
or adapter. 

The operation of the monitor is simple 
to verify by plugging it into a mains socket 
and switching a nearby fluorescent tube 
on and off a few times. Set to the most 
sensitive range (50 V), the monitor is near- 
ly always triggered if the mains outlet is 
on the same line as, and within 10 m from, 
the tube lighting. The number of ‘hits’ will 
be found to decrease as the sensitivity of 
the monitor is lowered, and the distance 
to the tube is increased. a 


wire must be fitted in the relevant PCB 
hole. 


Vocal eliminator 
July/August 1989, supplement p. 5-6 


Pins 5 (+input) and pin 6 (-input) of 
opamp A» must be transposed in the cir- 
cuit diagram. 


Voice recorder from Texas 
Instruments 


June 1989, p. 43-45 

The supply voltage pin numbers of [C2, 
ICs and ICs are given incorrectly in the 
circuit diagram in Fig 6. 

Pins 18 of IC? and ICs, and pin 4 of ICs, 
must be connected to ground. Pins 9 of IC2 
and ICs, and pin 8 of ICs, must be con- 
nected to +5 V. 


SURGE SUPPRESSOR 


J. Ruffell 


It is an annoying but generally accepted fact that much 
mains-operated equipment produces surges and other interference 
on the mains. But we do not have to put up with clicking noises from 
AF equipment as the refrigerator switches on, or a computer that 
stops working when the lights are switched on. All that is needed to 
prevent these irritating effects is a good-quality mains filter. 





Ideally, any mains outlet supplies an al- 
ternating voltage of a root-mean-square 
(rms) value and a frequency specified by 
the national (or local) electricity supplier 
(in the larger part of the UK, these values 
are 240 Vrms and 50 Hz respectively). In 
practice, however, this is hardly ever so. 
In not a few cases, the mains voltage is 
occasionally corrupted by high-frequency 
signals, data-bursts, brief fluctuations, 
surges and dips. 

Although mains signalling is a well- 
defined area', some types of mains inter- 
com operating at carrier frequencies of 
100 kHz and up are notorious sources of 
interference. Pulse-like interference often 
emanates from dimmer circuits, switch- 
mode power supplies in computers and 
defective or poorly decoupled household 
equipment like coffee machines and re- 
frigerators. 

In some countries, the electricity sup- 
pliers themselves use the mains lines to 
convey control information for nor- 
mal/reduced rate switching of domestic 
power consumption meters. 

To avoid problems with any equip- 
ment powered from the mains, a mains 
filter as the one described here must work 
in both directions, which means that both 
mains-borne interference and interference 
generated by the equipment must be sup- 
pressed. The filter proposed here is suit- 


WER 
pO à 


able for use with 220-240 V mains systems 
operating at 50 Hz. 


Design considerations 


The mains filter is basically a passive low- 
pass with a roll-off frequency of 50 Hz. Its 
likeness to a low-pass filter for audio ap- 


. plications is only superficial however 


since the high operating voltage and the 
associated considerations as regards 
safety govern the use of special compo- 
nents. In many countries, standards have 
been set up that define the maximum ca- 
pacitor values used in the filter, often de- 
pending on whether mains-powered 
equipment is wall- or floor-mounted, or 
portable. These capacitor values are a 
carefully established compromise be- 
tween acceptable switch-on and switch- 
off currents on the one hand, and the risk 
of electrical shock in the case of defective 
or improperly connected earthing on the 
other. 

Capacitors alone can not secure the re- 
quired slope steepness of the filter. The 
attenuation outside the pass-band is im- 
proved considerably by using one or more 
chokes. These come in at least three ver- 
sions. In general, the choke with the hig- 
hest inductance is the most effective. 
However, if reactive loads are powered, 
the voltage drop across the choke rises 


with inductance. In practice, this means 
that the filter has to be geared accurately 
to the load and the nature of the antici- 
pated interference. 

The simplest version is the saturation 
choke. When the mains is switched on, 
this type of inductor possesses a high in- 
ductance, which rapidly becomes smaller 
as the current causes the ferrite-iron core 
to become saturated. The interference 
suppression grade is nearly always speci- 
fied for symmetrical (balanced) inter- 
ference, that is, interference that exists 
between the live (L) and neutral (N) line. 

The multiple-winding current-com- 
pensated toroid choke is more effective 
but also more expensive than the satura- 
tion type. Strong capacitive coupling be- 
tween the circuit and the enclosure causes 
an asymmetrical current (between L/N 
and E) to flow into the equipment through 
the earth wire, and half of it back into the 
mains through the live or neutral line. The 
partial interference current causes the 
choke, of which the windings are inserted 
in the phase or neutral line, to be damped 
so that the magnetic fields generated in 
the windings cancel one another. The in- 
ductance of both chokes is small for the 
load current and therefore introduces a 
small voltage drop only. 

The bar-type choke is best used for 
loads over 100 A that produce mainly 
symmetrical interference (between live 
and neutral). In contrast to the saturation 
choke, the inductance of a bar-type choke 
remains constant. 


Practical circuit 


The circuit diagram of the mains filter is 
given in Fig. 1. The mains voltage is ap- 
plied via connector Ki. Components Ci 
and R2 form a potential divider for the 
on/off indicator, Di. Capacitor Ci dis- 






' Mains signaling in the UK is subject to the 
provisions of British Standard BS6839. Fur- 
ther information on the subject may be ob- 
tained from BIMSA (BEAMA Interactive and 
Mains Systems Association), Leicester 
House, 8 Leicester Street, LONDON WC2H 
7BN, Telephone: (01-437) 0678. 
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charges via resistor Ri when the filter is 
disconnected from the mains. Diode D2 is 
connected across Di: to keep the reverse 
voltage across the LED within safe limits. 
Voltage peaks exceeding 250 V are elimi- 
nated by varistor VDR:. 

Capacitors C2 and C3 must be class-X2 
types. Similarly, Cs and Cs must be class-Y 
types. These type codes indicate an a.c. 
working voltage of 250 V and apply to 
metallized polyester or polypropylene ca- 
pacitors with good self-healing properties 
should arcing occur in the dielectric ma- 
terial. X2-class capacitors may not be used 
in positions where their failure would ex- 
pose anybody to electric shock. Conse- 
quently, these capacitors are connected 
between the live and neutral lines to en- 
sure that failure can only cause a blown 
fuse (in the case of a short-circuit) or re- 
duced filter operation (in the case of an 
open-circuit). Both effects are annoying 
but not dangerous. 

The requirements of the Y-type capaci- 
tors, C4 and Cs, are more stringent (see 
B.S. 6201, part 3, and IEC 161). Like C2 and 


Fig. 2. 


Fig. 1. 


slow (for RD62-6).. 
02 KKe=37way PCB screw terminal block 
- . (pindistanœ 10 mm). - un p Ds 
= ABS enclosure 110x110x65mm. 
du Panel-mount mains socket with bee fuse: = 
S Panel mount mains jeceblacia. c X 
.. PCB Type 900016 {rota available le through. 





COMPONENTS LIST 


te Miscedaneoue: - : 
lis choke 2x10 mH Type RD62-30 or 


2x4 mH type RD 62-6 4. 
Fi = fuse 2.5 A slow Ve RD62-3) or5 A 


a | Mem Readers Semen 


ELEKTOR ELECTRONICS MARCH 1990 


% see text 


900016 - 11 





Circuit diagram of the surge suppressor. 





Track lay-out (mirror image) and component mounting plan of the printed-circuit board for the mains filter. 


m 1 1 ElectroValue. Limited + * 28 St Judes Road de 
o Englefield € Green * Egham» Surrey TW20. e 
. OHB. Telephone: (0784) 33603. Telex: — 
—. 264475, Fax: (0784) 35216. Northern — 
/. branch; 680 Burnage Lane + Manchester. 
t w INA. Telephone: (061 Ter 4945. 


02 eg. „RS Domponenie stock no. 1 15-21 9. : i : 
208 eg. RS FIRM stock no. 114-496. s 


 Schaffner Ui Uk» * Headley Park“ ' Area 10- c uw 
. Headley Road East * Woodley » = HEADING xt 
 RG5 DW Ds (oen 697179. 





C5, they cause degraded filter operation in 
the case of open-circuit failure. More im- 
portantly, however, a short-circuit in 
either C: or Cs causes the live (L) or neu- 
tral (N) line to be connected to the protec- 
tive earth line. Hence the following 
warning: 


Never use capacitors of a different type 
or rating than those indicated. 


The inductance in the filter is formed by a 
current-compensated choke. The printed- 
circuit board allows two different types 
from Schaffner to be fitted. These types 
differ in respect of maximum load current 
and inductance. The 2x10 mH inductor 
Type RD62-3 is rated for up to3 A, and the 
2x4 mH Type RD62-6 for up to 6 A. 


Construction 


For reasons of safety, the mains filter must 
not be constructed on any other board 
than that shown in Fig. 2. Construction is 
straightforward with the possible excep- 
tion of Li, of which the mounting depends 
on the type used. The larger and more 
expensive 6-A inductor is fitted upside- 
down on the PCB. The underside of the 
choke has four colour-marked wires. The 
two dark-coloured wires are the input 
connections (at the side of C2 in the circuit 
diagram). The two light-coloured wires 
are the output connections (at the side of 








Digitrap-2 CD filter 


Sage Audio have recently introduced two 
types of passive filter that are claimed to 
eliminate residual quantization noise at 
the signal outputs of CD players. This 
noise occurs typically at the sampling fre- 
quency (44.1 kHz) and harmonics thereof. 
A sample of the Digitrap-2 version was 
tested in the Elektor Electronics engineer- 
ing department with some interesting re- 


sults. The filter was inserted between a. 
swept frequency generator and a signal 


level recorder. The result of the first test is 
shown in Fig. 1. The response is virtually 
straight to 10 KHz, but then rises to a peak 
of about +4 dB at 33 kHz. The claimed 
attenuation of 30 dB at 44.1 KHz was, 
however, about correct. The measured re- 
sponse could not be improved by varying 
the filter load impedance between 600 Q 
and 1 MQ. The source impedance, how- 
ever, appeared to be the cause of the un- 
wanted peak. When changed from about 
10 Q to 470 Q, the response curve became 
straight within 0.1 dB, the peak at 33 kHz 
disappeared, and the attenuation at 
44.1 kHz was 30 dB as before. Figure 2 
shows theresults. The phase shift was also 
measured and found to be quite smooth 
well up to 20 KHz. In all, the Digitrap-2 is 
a well-designed and correctly working AF 
filter: when connected to the right source 
impedance. 

Next, the Digitrap-2 was subjected to a 
subjective listening test by connecting it to 


SURGE SUPPRESSOR 





C3 in the circuit diagram). The photo- 
graph in Fig. 3 shows the RD62-6 on the 
completed board. 

The smaller 3-A inductor Type RD62-3 
is fitted in the normal manner with the 
connections inserted direct into the rele- 
vant PCB holes. 

Do not test the mains filter before it is 


C Ó——— 





a CD player with 8-times oversampling. 
The loudspeakers used were electrostatic 
types for the high and middle ranges. In 
this high-end equipment configuration, 
the Digitrap-2 had a small, but definitely 
noticeable, effect: it made the overall 
sound a little smoother. Whether or not 
this is desirable is, obviously, a matter of 








fitted into the relevant equipment, or —if 
it is to be used for various appliances— 
into a separate ABS enclosure without any 
metal part. The prototype shown in the 
introductory photograph has a mains 
socket and a mains plug for panel mount- 
ing as used on personal computers. u 





personal taste, but it also depends on the 
quality of the available audio equipment. 

In conclusion, the Digitrap-2 is recom- 
mended to users of CD players who want 
to get the most out of their high-end audio 
equipment configuration. Care should be 
taken, however, not to connect the filter to 
a CD player with an output impedance 
smaller than 200 Q. 

More information on the Digitrap 
series may be obtained from 
Sage Audio Electronics * Construction 
House * BINGLEY BD16 4JH. 
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AUDIO/VIDEO MODULATOR 





Many inexpensive or older TV sets lack a SCART or other composite 
video input, and can only be connected to a video recorder or other 
equipment via an RF modulator. The modulator described here —a 
design by ELV— operates at a UHF TV channel between 30 and 40. 
Use is made of a single-chip RF modulator that couples low cost to 

excellent sound and picture quality. 


TV sets that lack an external video input 
are still manufactured and sold in large 
numbers. In many cases, these sets are 
relatively inexpensive types manufac- 
tured in Far Eastern countries. Unfortu- 
nately, upgrading such a TV set with an 
external video input is not possible in 
general because the chassis is at mains 
potential. Not a few owners of a low-cost 
TV set are therefore faced with connection 
problems if the set is to function as a dis- 
play for, say, a computer that has a com- 
posite video output but lacks an RF 
modulator. 

The present modulator covers the fre- 
quency range from 545 MHz to 625 MHz, 
which corresponds roughly to UHF TV 
channels 30 to 40. The circuit consists of 
two parts: 

a modulated RF oscillator in a small metal 
box; 

a motherboard on to which the RF oscilla- 
tor, the SCART socket and the supply volt- 
age regulator are fitted. 


The motherboard and the RF oscillator 
form a compact unit fitted in an ELV 
Microline enclosure as shown on the 
above photograph. The modulator is 
powered by an external mains adapter 
with an output voltage of 12-15 V at about 
250 mA. 

Since the RF oscillator is a separate mo- 
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— MAIN SPECIFICATIONS : 


s High lut level: approx. 100 mV. 
- (80 dBuV) 


.* Good frequency stability. 


= Low spurious. radiation 
de Audio-video input with SCART socket | 
oS Adjustable sound subcarrier frequency 


v : Suitable for upgrading: imus udi 
oS men 





dule in the modulator, it may be used 
without the motherboard to upgrade 
existing video equipment with a TV out- 
put. 


The circuit 


The circuit diagram of the RF oscillator 
with modulation input is given in Fig. 1. 
The heart of the circuit is formed by IC1, a 
Type TDA5660P single-chip multi-stand- 
ard VHF/UHF audio/video modulator 
from Siemens. 

The amplitude of the sound signal ap- 
plied to pin 6 of the SCART socket, Bui, is 
set with Pi, Note that the SCART socket 
and the preset are not contained in the 
RF-tight metal enclosure. The sound sig- 


nal is capacitively fed to the FM (fre- 
quency-modulation) sound input of the 
TDA5660P via Ci-C2-R2. Components R2- 
C2-R3 form a pre-emphasis network. The 
frequency-modulated sound subcarrier is 
added to the vision signal by the RF mixer 
in the TDA5660P. 

The sound subcarrier frequency (UK: 
+6.0 MHz) is set by a parallel tuned cir- 
cuit, Li-Ci4. The vision-to-sound carrier 
ratio of 12.5 dB is ensured by R». Capaci- 
tor C22 connects the AM (amplitude- 
modulation) sound input of the 
TDA5660P to ground for alternating volt- 
ages. 

The CVBS (chroma-video-blanking- 
sync) signal taken from pin 20 of the 
SCART socket is terminated into Ri: and 
capacitively fed to video input pin 10 of 
the modulator chip via Cis. A clamping 
circuit at this input establishes a fixed 
synchronization level, while an automatic 
gain control circuit that acts on the peak 
white values compensates amplitude 
changes of up to 6 dB. Both the clamping 
circuit and the gain control circuit are in- 
ternal to the TDA5660P, Capacitor C1; fil- 
ters the current pulses produced by the 
peak white detector, and its value deter- 
mines the time constant of the gain con- 
trol. 

The modulation index of the AM vision 
signal is set by the potential at pin 12 of 
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the TDA5660P. If no resistor is connected 
to this pin, the modulation index is 0.8 
(80%) for negative video modulation. 
Note that pins 12 and 2 (reference voltage) 
are decoupled to ground to prevent inter- 
ference. 

The symmetrical oscillator on board 
the TDA5660P is bonded out to pins 3-7. 
The external tuned circuit is formed by 
inductor L3 in combination with capaci- 
tors C4 and Cio, and variable capacitance 
diode Di. Capacitors Cs and Ci prevent 
the direct voltages at pins 3 and 11 being 
short-circuited via L3. The oscillator has a 
separate ground connection bonded out 
to pin 5. 

The anode of varicap Di is grounded 
for direct voltages by Ra. The oscillator 
frequency is adjusted with the aid of a 
tuning voltage supplied by preset Re and 
applied to Di via Rs. Capacitors Coand Ci? 
decouple the RF voltage generated by the 
oscillator. 

The modulated RF signal (AM vision 
and FM sound) is taken from the outputs 
of the balanced mixer in the TDA5660P via 
pins 13 and 15. The output impedance of 
300 Q balanced is transformed down to 
75 Q unbalanced by L2, a Guanella trans- 
former, perhaps better known as a balun. 
Capacitor Cie, finally, feeds the modu- 
lated UHF signal to the RF output socket 
via terminal STe. 

The modulated RF oscillator is 
powered by a regulated voltage of 10 V. A 
12-V supply may also be used in case the 
oscillator is incorporated into existing 
equipment. The output voltage must, 
however, be regulated. 

The motherboard has on it the RF oscil- 
lator module, the SCART socket, Bui, the 
sound level control, Ri, and the 10-V regu- 
lated power supply. The circuit diagram 
of the latter unit is shown in Fig. 3. The 
unregulated voltage applied to socket Bui 
may lie between 14 V and 17 V. The cur- 
rent consumption of the modulator is less 
than 50 mA, so that a small mains adapter 
may be used. 

The power supply itself is a standard 
design based on a three-pin fixed voltage 
regulator Type 7810 (IC2). LED D» func- 
tions as an on/off indicator. The mini- 
mum and maximum voltage that may be 
applied to Bui is 12.7 V and 25 V respec- 
tively. 


Construction 


The main point to note about the construc- 
tion of the modulator is that the RF oscil- 
lator must be thoroughly screened to 
ensure mechanical as well as electrical sta- 
bility and at the same time prevent spuri- 
ous radiation of the UHF signal. 

Start the construction by populating 
the oscillator board: fit and solder the two 
wire links, the six resistors and the vari- 
cap. Next, fit the capacitors, making sure 
that the ceramic types are pushed as far as 
possible towards the PCB surface. Fit 
preset Re and inductors Li and L2. Do not 
fit the balun the wrong way around: the 
connection that consists of four joined 
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Fig. 1. 


wires goes to Cis. Finally, fit the TDA5660. 
Do not use an IC socket. 

Inductor L3 is made by winding 2 turns 
of silver-plated wire around a 3-mm drill 
or pencil. Take the inductor from the for- 
mer and space its turns evenly by about 
2mm. Insert its terminals into the relevant 
PCB holes and push it as close as possible 
to the PCB surface. Solder the terminals at 
the track side. 

Finally, fit four solder terminals at the 
track side of the board, and one solder 
terminal (STs) at the component side. 

Bend the strip of tin-plate screening 
supplied with the kit at the indicated 
places to form a box. Join the ends by 
soldering. Fit the oscillator board into the 
box and ensure that the track side is about 


, 3 mm above the lower edge of the tin- 


plate box. Solder the board to the inside of 
the box at all four sides. Work quickly to 
prevent overheating, and use a high- 
power (50-W) solder iron to ensure a 
smooth and firm connection. 

Mount a narrow strip of tin-plate ver- 
tically between the two rows of IC pins at 
the track side of the board as shown in the 
photograph in Fig. 4. Like the box, this 
strip is soldered over its entire length. 

Insert the panel-mount TV plug into 
the side panel hole, and secure it by solde- 
ring. Use a short length of light-duty wire 
to connect the centre pin of the plug to 
terminal STe. 

Proceed with the population of the 
motherboard, which contains few parts 
only. LED D3 is soldered to terminals ST11 
and ST12. Four additional solder terminals 
are fitted to enable the sides of the RF 
oscillator box to be secured later. 

Inspect the two boards for short-cir- 
cuits and bad solder joints, and correct 
any errors if necessary. Mount the bottom 


Circuit diagram of the RF oscillator section based on the TDA5660P. 


cover on to the oscillator box, making sure 
that it does not touch any of the four 
solder pins which should be about central 
in the holes provided in the cover. Solder 
the bottom cover to the sides of the box. 

Place the oscillator box on the mother- 
board and insert the four terminals into 
their respective holes. Solder them at the 
track side of the board. Next, solder the 
four terminals on the motherboard to the 
sides of the oscillator box. 


Adjustment 


The adjustment of the modulator is rela- 
tively simple and does not require special 
test equipment. 

' Connect the modulator to the video 
source, the TV set and the mains adapter. 
Tune the TV to a free channel between 30 
and 40. Adjust Ri until the remodulator is 
tuned to the TV channel. The tuning range 
of the preset should cover the UHF range 
between channels 30 and 40. If this is not 
so, carefully stretch or compress the turns 
of La until the required range is covered. 

Next, adjust the sound channel. Turn 








Fig. 2. 


Circuit diagram of the 10-V regu- 
lated power supply. 
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the core in Li until the sound on the TV set 
is clear and undistorted. 

If the modulator works to your satis- 
faction, mount the top cover on the oscil- 
lator box, and secure it by soldering. Next, 
place the complete assembly into the ABS 
Microline enclosure. The printed and pre- 
drilled front-panel supplied with the kit is 
fitted last by pressing it firmly from one 
side so that it clicks into the enclosure. BN 
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Below: completed RF oscillator module seen 
from the PCB track side. Note the screen 
fitted vertically in between the pin rows of 
the dual-in-line integrated circuit. This 
screen is essential to keep spurious radia- 
tion of the modulator to a minimum. 

Right: top view of the completed RF modu- 
lator assembly. The RF oscillator box is 
mounted on to the main board. Note that the 
top cover has been removed for an internal 
view of the oscillator. 





Above: component mounting plan of the RF 
oscillator board. 

Right: component mounting plan of the 
motherboard. 
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SCIENCE & TECHNOLOGY 


RESEARCH AND DEVELOPMENT: 
KEYNOTE OF CLUB LIFE AT HARWELL 


by H. Cole, CEng, MIERE, Senior scientist at Harwell Laboratory 


Harwell Laboratory, situated about 50 miles to 
the west of London, is the largest United King- 
dom Atomic Energy Authority (UKAEA) re- 
search establishment. It has an annual turnover 
in the region of £140 million and employs 
4250 people. The laboratory was set up in 1946 
to carry out research into all aspects of atomic 
energy and furnish the scientific and technical 
information needed for Britain to embark on a 
nuclear power programme. The result of this 
early work culminated in the commissioning in 
1956 of Britain's first nuclear power station: a 
200 MW plant that is still feeding power into 
the national grid. 

Today there are 17 nuclear power stations 
operating in Britain and one ( a pressurized 
water reactor—PWR) is under construction. To- 
gether, these satisfy about 20% of the country's 
electricity demand, 

Since 1965, the laboratory has undertaken 
an increasing amount of work that is uncon- 
nected with nuclear research and, although 
there is still a substantial nuclear programme, 
this now accounts for little more than half of 
the financial turnover. 

The non-nuclear work involves liaison with 
a wide sector of industry and commerce and 
ranges in scope from the neutron radiographic 
examination of jet engine turbine blades to the 
ultrasonic inspection of hundreds of miles of 
rail track and consumer gas distribution pipe- 
lines. Clients range from small private compa- 
nies to giant multinationals; contract values 
can be as little as hundreds of pounds or as 
great as several millions. 


Cost sharing 


The ever increasing complexity of present day 
technologies and the need for innovation and 
the development of new materials and pro- 
cesses have demanded facilities that are often 
beyond the financial and material resources of 
all but very large organizations; hence the need 
for a research establishment like Harwell. 
Clients may visit the laboratory and hire the fa- 
cilities and scientific back-up for as long as 
they wish without having to embark upon ex- 
pensive in-house alternatives. They can also 
join one of the many cost-sharing research and 
development clubs that are operated by the lab- 
oratory. 

Harwell's first club, the Heat Transfer and 
Fluid Flow Service (HTFS) was set up in 1968 
and is operated jointly with the National Engi- 
neering Laboratory and, since 1983, with 


Atomic Energy of Canada Limited. Other clubs 
were added during the 1970s but growth in 
their numbers began in earnest during the 
1980s as industry began to emerge from the in- 
ternational recession. 

Harwell now operates a total of 30 clubs 
covering a wide spectrum of industrial technol- 
ogy and the number is growing by about two 
every year. 

Club-funded research and development 
programmes give members the advantage, for 
a relatively modest outlay, of sharing the bene- 
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An example of a failed high strength marine bolt 
examined by the Offshore Bolting Materials Club 
of Harwell Laboratory. 


fits accruing from a particular project while 
maintaining confidentiality with regard to po- 
tential (non-club) competitors. 


Multinational membership 


There are essentially two types of Harwell club 
activity. The first is basic research with no ob- 
viously exploitable end product in mind but 
which may provide valuable background infor- 
mation for subsequent commercially viable de- 
velopment programmes. Examples of this in- 
clude materials evaluation programmes for 
solid-state gas sensors and the development of 
techniques for studying combustion behaviour 
in advanced petrol engines. 


The second kind of club activity is the de- 
velopment of technology to support a compa- 
ny's activities on a wider scale than would be 
tackled in-house. It is this area of work that 
calls upon the special skills and facilities of 
Harwell. Examples include the formulation of 
offshore inspection techniques and associated 
instrumentation, and of an inspection system 
for composite materials. 

The detailed structure and operation of the 
various clubs varies considerably to suit their 
particular activities. Some larger clubs may 
have nearly 200 members, whereas the smaller, 
more specialized, ones may have about ten. 
The work undertaken by a club may be con- 
fined to a particular type of industry, such as 
offshore inspection, whereas other more 
broadly based clubs may span a wide range of 
industries. The Composite Metal Jointing Club, 
for instance, has a membership drawn from the 
aerospace, automobile, adhesive and compos- 
ites manufacturing industries, 

Clubs with a multinational membership at- 
tract financial support from the European Com- 
munity and cover research and development 
that is advantageous to member states. Typical 
of the many internationally funded ones is the 
Residual Fuel Oils Club, which studies the 
combustion characteristics of low-quality 
residual fuel oils. Membership fees generally 
range from about £5,000 to £15,000 per year 
but can be much higher. Some club fees are de- 
pendent on company turnover and are gener- 
ally larger for overseas organizations. For 
small British companies, the fees are usually in 
the region of £3,000 a year. 


Guided by members 


Most club projects are of limited duration and 
are organized into phases, the results from one 
phase determining the direction and extent of 
the next. Some clubs, like the Diesel Engine 
Working Party, have successfully completed 
their programmes and ceased operation. Oth- 
ers, such as HTFS, have rolling programmes that 
are regularly redirected along lines that reflect 
the current priorities of their members. 

For many clubs, support funding from the 
British Government or from the European 
Community often approximates to that of the 
member's contribution. For some clubs, how- 
ever, less government funding may be forth- 
coming and be limited to a simple membership 
contribution fee. This applies in the case of the 
Offshore Inspection Service Club whose only 
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form of government funding is a single mem- 
bership fee. 

In spite of these differences in funding and 
composition, one strong common feature 
among the Harwell clubs is that the work un- 
dertaken is guided by the members and reflects 
their priorities, providing a firm base for the 
subsequent transfer of the resulting technology. 

The Biotechnical Separations (BIOSEP) Club 
provides consultancy, design and reports and 
carries out basic and applied research on all as- 
pects of downstream processing for the 
biotechnology industry. Membership is drawn 
from chemical, pharmaceutical and food pro- 
cessing companies, and others with specialist 
medical and biotechnology interests. 

Another club, Composite Metal Jointing, 
provides design criteria and design tools and 
data required for load-carrying adhesive joints 
between polymer-based composites and met- 
als. The membership includes European auto- 
motive and component manufacturers, 
aerospace companies and adhesive and compo- 
nent suppliers. 


World-wide membership. 


Heat Transfer and Fluid Flow Service (HFTS), 
the oldest Harwell club, has over 185 mem- 
bers. Collaborators are the National Engineer- 
ing Laboratory and Atomic Energy of Canada. 
It provides computer programs, design reports, 
literature digests, consultancy and access to a 
large international research and development 
programme on heat transfer and fluid flow. The 
substantial world-wide membership includes 
large chemical and petrochemical companies, 
process plant contractors and small heat ex- 
changer manufacturers. 

The Fouling Forum has over 200 members 
and works in collaboration with the National 
Engineering Laboratory. It provides a forum 
for the interchange of ideas and for technology 
transfer on the subject of fouling of heat ex- 
change services in a wide range of process 
plant. Membership of this low-cost information 


exchange club includes all uFrs members and , 


is also open to other subscribers. 

The Metal Matrix Composites Club is con- 
cerned with research and development into the 
properties of, and processing methods for, alu- 
minium alloys reinforced with ceramic and 
other fibres as well as processing routes for 
specific components. Membership covers sev- 
eral industries and includes aerospace, automo- 
bile and component manufacturers and materi- 
als suppliers. 


Metals and engines 


The Midas Club provides a service for the min- 
erals exploration production and processing in- 
dustries. It develops new or improved analyti- 
cal methods for interpreting data from neutron 
and gamma ray-based interrogation probes as 
used by the oil, gas, coal and metalliferous 
minerals industries. The members include 
major oil companies and their contractors plus 
a number of coal mining companies and their 
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customers. 

Offshore Inspection Research and Develop- 
ment Service produces new or improved in- 
spection techniques for offshore structures. The 
current programme includes work on ultrasonic 
time-of-flight and eddy current inspection 
methods and a project on the detection of tight 
cracks. The membership is drawn from the 
major offshore operating and inspection com- 
panies. 

Offshore Bolting Materials is a small club 
operated in collaboration with Wimpey Labo- 
ratories. It develops improved bolts and bolting 
materials for use on offshore structures. Its 
members come from the major oil companies 
and safety authorities. 

The Petrol Engine Working Party applies 
the Harwell-developed laser-Doppler anemom- 
etry and CARS (coherent anti-Stokes Raman 
spectroscopy) techniques and associated instru- 
mentation to studies of air flow and combus- 
tion within operating internal combustion 
petrol engines. Its members are drawn from en- 
gine and component manufacturers and a fuel 
supply company. 


Fuel efficiency 


Supported by Britain's Department of Trade 
and Industry and the European Community, the 
Plasma Etching Club undertakes collaborative 
programmes for devising techniques for the dry 
processing of very large-scale integrated cir- 
cuitry. The work involves the formulation of 
silicon-based devices and different aspects of 
etchant chemistry. The members of this club 
are suppliers of high-purity chemicals and 
gases and of specialized processing equipment. 

Positron annihilation is a non-destructive 
testing (NDT) technique developed at the Na- 
tional NDT Centre at Harwell. It relies on the 
emission of positrons (positively charged elec- 
trons) from a small radioactive source and the 
injection of these particles into the object being 
examined, The positrons, on entering the ob- 
ject, are quickly annihilated by the more nu- 
merous negatively charged electroncs and give 
rise to a pair of gamma rays, each of 0.51 MeV 
kinetic energy and travelling in opposite direc- 
tions, for each annihilation event. 

The detection of these gamma rays from 
different directions can indicate the presence of 
defects in the object being examined, show the 
onset of fatigue in metals and alloys, or enable 
the moisture content of resin composites to be 
determined, 

The Positron Annihilation Club investigates 
the application of this novel technique and its 
members are drawn mostly from the aerospace 
industry. 

The Residual Fuel Oils Consortium studies 
the application of laser-based instruments and 
associated analytical facilities to the combus- 
tion characteristics of low-quality residual 
fuels—such as those used in marine and indus- 
trial type engines—to see if they can be burned 
more efficiently. This is an international con- 
sortium involving medium-speed diesel engine 
manufacturers, a component manufacturer, an 


oil company and representatives of the ship- 
ping industry. 


Improving batteries 


Separation Process Service (SPs) is a collabora- 
tive club operated with the government's War- 
ren Spring Laboratory of Stevenage. It pro- 
vides reports, consultancy and access to a large 
research and development programme in five 
separation process areas: solids drying; gas 
cleaning; solid-liquid and liquid-separation; 
and crystallization. Membership covers a wide 
spectrum of process plant users, contractors 
and manufacturers. 

The Solid State Battery Club carries out re- 
search into solid-state rechargeable lithium bat- 
teries with the aim of developing the technol- 
ogy required for safe, rugged, light-weight ver- 
sions suitable for products ranging from power 
tools and portable consumer products to vehic- 
ular traction, The wide-ranging membership 
represents battery manufacturers, companies 
with facilities and expertise in the methods 
likely to be required in battery construction, 
and potential users of the final product. 


Eliminating microchip errors 


A new collaborative research project aimed 
at improving the quality, reliability and perfor- 
mance of semiconductor devices, the Soft Er- 
rors Club, was launched recently by Harwell's 
Micro-electronic Materials Centre. 

The membership brings together leading 
United Kingdom semiconductor manufactur- 
ers, users, materials suppliers and scientists 
with the objective of dramatical reducing the 
problem known as ‘soft errors’ in micro-elec- 
tronic circuits. 

Soft errors, more properly called single- 
event upsets, are caused by alpha particles 
emitted by naturally occurring radioactive im- 
purities in the materials used to make inte- 
grated circuits. The alpha particles carry suffi- 
cient electrical charge to alter the contents of 
memory cells, thereby causing computational 
errors. The more closely packed the memory 
cell, the greater is the risk of single-event up- 
sets. 

The research programme will extend the 
technique developed at Harwell, known as fis- 
sion track autoradiography (FTA). This makes 
use of optical microscopy to count the number 
of fission tracks that have occurred in a thin 
polyamide film coating on a semiconductor 
specimen that has been irradiated by neutrons 
derived from a nuclear reactor. This technique 
alone is capable of detecting the presence of 
uranium impurity atoms at concentrations as 
low as two parts per million. 

The Soft Errors Club is essentially a two- 
year programme and has the financial support 
of the British companies MEDL, INMOS, Ana- 
martic and Britain's Department of Trade and 
Industry. The club remains open to United 
Kingdom organizations and overseas compa- 
nies that have a significant manufacturing pres- 
ence in Britain. 


THE DIGITAL MODEL TRAIN 


PART 12 - ADDRESS DISPLAY 


by T. Wigmore 


The address display is a small extension unit that is used in 
conjunction with the mother board. It indicates to what locomotive 
address a given controller is set and whether a given 
locomotive controller is active. 


The address display, which may be 
fitted to each and every locomo- 
tive controller, improves the ease 
of operation of the system. It is not 
strictly essential, but will be found 
very useful with concentrated 
multi-train operation. 

If addresses in the locomotive 
controllers have been set via the 
RS232 interface, that is, not by 
hardware, it is convenient if the 
address setting is displayed to in- 
dicate that it has been set correctly. 

Furthermore, the address dis- 
play indicates whether a given lo- 
comotive controller is active. 
When a controller is taken out of 
action or when the control of the 
relevant locomotive is taken over 
by the serial interface, the corre- 
sponding address display is 
quenched, except in one condition. 
When the system is in the stop 
mode and a locomotive address is 
set via the RS232 interface, the dis- 
play will indicate that address al- 
though the controller is inactive. 

Because of this arrangement, 
addresses may be set in the con- 
trollers via the RS232 interface and 
checked while the system is still in 
the stop mode. When the system 
is then actuated, the displays of all 
non-active controllers will go out. 

A controller is not active if: 


* itis not connected to the 
mother board; 

* theoperating switches are in 
position "out of action" (high 
impedance at pins 4 and 5 of 
the DIN connector); 

* acontroller with higher priority 
has been set to the same 
address; 

* the locomotive with the rele- 
vant address is given a control 
instruction via the RS232 inter 
face. 


The last condition needs ampli- 
fication. Any control instructions 
to locomotives via the RS232 inter- 
face will deactuate the controllers 
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Fig.79. The circuit of the address display is simplicity itself. 


that serve the locomotives with the 
same address. The control of any 
locomotive that is operated via the 
RS232 interface may be reverted to 
manual by the locomotive enable 
command «37». When this instruc- 
tion is given, the display of the as- 
sociated controller will light again. 


Circuit description 


As is clear from Fig.79, the circuit 
of the address display is simplicity 
itself, because the control is pro- 
vided by the mother board. 

The circuit proper consists of two 
BCD-to-7-segment decoders with 
integral register and the displays. 

The decoders are connected to 
the identically-named locomotive 
address bus on the mother board 
via lines LA0-LA7 (LA = locomo- 
tive address). 

Line Sn carries the selection sig- 
nal that becomes active as soon as a 
given controller is selected. The se- 
lection causes a certain locomotive 
address set by hardware to be read 
and then to be written into the reg- 
isters of the BCD-to-7-segment de- 
coders. 

If there is no controller con- 
nected, the display is quenched at 
once by the system writing FFH to 
it. The display is also quenched if 
the system signals a controller with 
higher priority, that is, a higher 
controller number, which is set to 
the same address or if the locomo- 
tive with the associated address is 
controlled via the serial interface. 

If no address has been set by 
hardware, the system verifies 
whether an address for the relevant 
controller has been given via the 
RS232 interface. If so, the address 
that has been converted to BCD 
format is sent to the display circuit. 
It is for this reason that the buffer 
for reading the locomotive address 
(IC; on the mother board) must be 
a bidirectional type. 
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Fig. 81. Construction of the boards as a sandwich: 81a - the decoupling capacitor is laid flat on the board; 
81b - through connexions are made with the aid of the resistors; 81c - the power lines are looped through; 
81d - the sandwich is ready for connexion to the mother board. 
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PARTS LIST 


R1-R14 = 680R (small types) 
C1 « 47 n (preferably SMA type) 


IC1, 102 = 4543 (SMA type) 
LD1, LD2 = HD1105 (red) 
PCB 87291-9 





Construction 


The construction of the display in- 
volves some rather fiddly work, be- 
cause to keep the unit small, the 
components should, if at all possi- 
ble, be very small or of the SMA 
(surface mount assembly) type. In 
the case of the ICs, there is no 
choice: they must be SMA types. 

The boards are not wider than 
the displays to enable a number of 
units to be mounted side by side 
(unless only one locomotive con- 
troller is used, of course). 

Furthermore, the most conve- 
nient type of construction is the 
sandwich type in which the resist- 
sors are used for making the neces- 
sary connexions. 

The printed-circuit board in 
Fig. 80 allows up to four display 
units to be constructed. The mother 
board can handle up to 16 displays, 
so that if the maximum is chosen 
four PCBs are required. 

Before the construction proper 
can be started, the board must be 
cut (lengthwise) into two identical 
strips if four adjacent units are 
wanted or into eight parts if four 
discrete units are required, The fol- 
lowing notes apply to the building 
of one unit only. 

«Some assembly instructions are 
given in the caption of Fig. 81. 

* Mount both 7-segment displays 
on to the top "wafer". 

* Fit both right-angle wire links to 
the non-copper side of the lower 
"wafer". 

* Mount decoupling capacitor C, at 
the copper side of the upper 
"water". If an SMD type proves 
unobtainable, use a small ceramic 
type and mount this as shown in 
Fig. 81a. 

e Mount IC, and IC, at the copper 
side. Pins 1-8 are located at the 
bevelled side of the devices. 
These sides should point to one 
another, 

* Connect the two wafers together 
with the aid of the resistors as 
shown in Fig. 81b. The copper 
side of each wafer should face 
downwards. The resistors should 
be of the smallest commercial 
type to ensure a compact unit. 

* Loop the power lines in between 
the two wafers (top right and un- 
derneath LD,) with the aid of two 
short lengths of equipment wire 
as shown in Fig. 81c. 
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Fig. 82. Showing where connexions from the display unit are 
made on the mother board. 


Interconnexions 


Apart from the power lines, there are nine 
connexions between the address display 
and the mother board—see Fig. 82. 

The power lines (0 V and +5 V) may be 
looped to other display units via lengths 
of normal equipment wire. 

Each and every display unit may be 
used in conjunction with hardware for set- 
ting the locomotive addresses—see also 


PROTECTED QUAD 
POWER DRIVERS 


Providing interface between low-level signal 
processing circuits and power loads, Sprague's 
UDN2547B and UDN2547EB quad power 
drivers combine logic gates and high-current 
bipolar outputs with complete output protec- 
tion. 

Each of the four outputs will sink 600 mA 
in the ON state. The outputs have a minimum 
breakdown voltage of 60 V and a sustaining 
voltage of 40 V. The inputs are compatible with 
TTL and 5V CMOS logic systems and include 
internal pull-down resistors to ensure that the 
outputs remain OFF when the inputs are open- 
circuited. 

Over-current protection for each channel 
has been designed into the devices and is actu- 
ated at about 1.3 A. It protects each output 
from short circuits with supply voltages up to 
25 V. When a maximum driver output current 
is reached, that output drive is reduced lin- 
early, maintaining a constant load current. If 
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“locomotive addresses" in Parts 7 and 8. If 
that is done, it is convenient to remove 
certain parts to the track side of the 
mother board. Two possibilities are shown 
in Fig. 83. 

In the first (Fig. 83a), the eight diodes 
are fitted at the track side. The connexions 
to the cathodes may be used for connect- 
ing lines LAO-LA7 to the display unit. To 
make the whole easily removable, the dis- 
play unit may be provided with a "semi IC 


the over-current or short-circuit conditions con- 
tinue, each channel has an independent thermal 
limit circuit that will sense the rise in junction 
temperature and turn OFF the individual chan- 
nel that is at fault. Foldback circuitry decreases 
the output current if excessive voltage is pre- 
sent across the output and assists in keeping 
the device within its SOA (safe operating area). 

Each output also includes diagnostics for 
increased device protection. If any output is 
shorted or opened, the diagnostics can signal 
the controlling circuitry through a common 
FAULT pin. 

The UDN2547B/EB can be used to drive 
various resistive loads including incandescent 
lamps (without warming or limiting resistors). 
With the addition of external output clamp 
diodes, it may be used to drive inductive loads, 
such as relays, stepping motors, or solenoids. 

The UDN2547B is a 16-lead power DIP, 
while the UDN2547EB is a 28-lead power 
PLCC for surface-mount applications. Both 
packages are of batwing construction to pro- 
vide maximum power dissipation over the 
temperature range of -20° C to +85° C. a 


A — supply line earth 

B - current limiting resistors 

C - connexion loc address bus 
D — SMD-type IC 

E — diodes for loc addressing 
F - mother board 

G - jumper 

H — DIL switch 





Fig. 83. Combination of an address display and hardware for setting locomotive 


addresses. 


socket". The setting of the loc addresses 
may be effected by fixed wire links or 
jumpers at the track side of the mother 
board. 

The second design (see Fig. 83b) uses 
an 8-pole DIL switch at the track side of 
the mother board for setting the addresses. 

Bear in mind that if an address is set by 
hardware, a locomotive controller can no 
longer be allocated an address via the se- 
rial interface. ii 
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HOW TO ORDER 


TO PLACE AN ORDER, obtain price and delivery 
information, request technical literature or applica- 
tions assistance, contact your local Sprague Semi- 
conductor sales office or sales representative, or: 


From U.S. Sprague Electric Company 
and Semiconductor Group 
Canada: 115 Northeast Cutoff 

Box 15036 

Worcester, MA 01615-0036 
Tel: (508) 853-5000 

Fax: (508) 853-5049 

Tix: 203658, 221457 


From Sprague Electric (U.K.) Ltd. 
Europe and Semiconductor Group 
Mideast: Balfour House 
Churchfield Road 
Walton on Thames 
Surrey KT12 2TD, UK 
Tel: (44-932) 253-355 
Fax: (44-932) 246-622 
Tix: (851) 926618 


Sprague Asia Ltd. 

Semiconductor Group 

16th Floor, Lap Shun Centre 

552-556 Castle Peak Road 

Kwai Chung, N.T., HONG KONG 

G.P.O. Box 4289 

HONG KONG 

Tel: (852-0) 428-3188 

Fax: (852-0) 480-4292 
(852-0) 480-5374 

Tix: (780) 43395 


From Asia: 
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Phasing, vibrato and reverberation are commonly used sound effects in modern 
music. The effects unit described here is a high-end piece of audio equipment that 
will make many musicians and sound engineers sit up. Based on a state-of-the-art 

bucket-brigade delay (BBD) chip, the unit is capable of many popular sound effects, 
including ADT, chorus, phasing and real-to-life reverberation. 


Under normal circumstances, sound 
travels at a speed of about 340 m per sec- 
ond. This means that short echoes occur in 
relatively small rooms already, giving the 
so-called reverberation effect. Acoustic 
perception experiments have proved that 
the human ear is capable of detecting a 
sound delay as small as 5 ms only (corre- 
sponding to a distance of about 1.65 m). In 
particular, short reflections with their as- 
sociated differences in regard of level, 
delay, and spectral composition create an 
impression of space with the listener. 
Most electronic musical. instruments 
are not based on sound created in a reson- 


ant cavity of any size or shape, and as a: 


result produce a relatively 'flat' sound. 
Reverberation may be added by electronic 
means to add warmth to the sound of 
these instruments. In the present sound 
effects units, reverberation is achieved 
with the aid of adjustable degrees of feed- 


back and attenuation, which results in a 
remarkably natural effect. 


Bucket brigade delay 


The drawing in Fig. 1 shows the basic set- 
up of an analogue delay line based on a 
bucket brigade memory. The memory is 
essentially a series of sample-and-hold 
circuits, each of which consists of elec- 
tronic switches and capacitors. The anal- 
ogue signals stored in the capacitors are 
sampled under the control of a central 
clock signal. At each clock pulse, the 
sample is shifted one capacitor to the 
right, hence the name 'bucket brigade' 
(the precursor of today's fire brigade). 
After i1 clock pulses, the analogue sig- 
nal is advanced n positions in the mem- 
ory. A double clock is used to prevent the 
contents of two 'buckets' affecting each 
other as a result of the shift operation. 


Bucket Brigade Device 





Fig. 1. 
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Block diagram of the bucket-brigade sound effects unit. 


Hence, clock 1 and clock 2 are in opposite 
phase. 

To ensure acceptable distortion of the 
input signal as a result of the sampling 
operations, the clock frequency must beat 
least two times the highest frequency to be 
sampled (Nyquist's sampling theorem). A 
low-pass filter at the input of the bucket 
brigade delay limits the frequency range 
to a usable value. The output of the BBD 
chip also has a low-pass filter, in this case 
to remove the clock signal component. 


Reverberation 


Reverberation is an acoustic effect which 
occurs, in principle, in every room of 
which the walls have sound reflecting 
properties. The sound reflections are 
noted by generating a short acoustic 
sound burst, e.g., a hand clap. This sound 
will reach the ear directly as well as indi- 
rectly via reflections. The time it takes any 
reflection to reach the ear is in direct pro- 
portion to the time taken by the sound to 
reach the point where it is reflected. The 
amplitude of the reflection depends on the 
length of the path and the acoustic proper- 
ties of the reflecting surface. Stone walls, 
for instance, absorb very little sound, 
whereas curtains have virtually no reflec- 
tive properties. In many cases, sound 
reaches the listener via different paths. 
The amplitude of the reflections as a func- 
tion of time is illustrated in Fig. 2 

The decay time is the time that lapses 
before a particular sound is so weak that 
it is no longer perceived. This parameter 
depends on the construction of the listen- 
ing room and the materials used. A natu- 
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ral sounding reverberation effect requires 
at least 1,000 reflections per second, 
which, as a further proviso, must reach 
the listener at a certain irregularity. 


Reverberation: the 
electronic way 


Figure 3a shows the simplest configura- 
tion of a reverberation unit based on con- 
trolled feedback. The associated 
amplitude-vs-time diagram is given in 
Fig. 3b. To achieve a decay effect, the am- 
plitude of the reflections is reduced as a 
function of time with the aid of a voltage 
attenuator. In practice, the reverberation 
time, f, is defined as the time required to 
reduce the sound energy by a factor of 10° 
(60 dB). In Fig. 3a, this time may be calcu- 
lated by counting the number of ‘needle 
pulses’ between the instant the sound is 
generated and the instant its amplitude 
is 60 dB smaller. Next, the number of 
needles is multiplied with the delay 
time, t, of the reverberation unit, hence, 


t= 60/at 


where a. is the attenuation per passage. 

A practical example: a reverberation 
unit has an attenuation of 3 dB and a 
delay of 50 ms. An attenuation of 60 dB 
is, therefore, reached after 20 passages, 
each of which introduces a delay of 
50 ms. The reverberation time, !, is 
20x50 ms = 1 s. 

In practice, reverberation times of the 
order of one or two seconds pose prob- 
lems because they require an extensive 
(i.e., long) delay line. Acceptable results 
for reverberation times longer than 
about 0.5 s are only achievable with 
digital delay lines. Lower attenuation 
and a greater number of passes are 
usually not feasible in view of the risk of 
oscillation. 

A second problem arises from the 
equal distances travelled by the gener- | 
ated reflections. Such a constant pattern 
can only occur in a spherical room, which, 
in the case of the above example (50-ms 
delay time) has a radius of 16.6 m. Evi- 
dently, such a room is at best rare in the 
real world. 


An annoying side-effect of equally long t 
reflections is the creation of a comb-filter 
response —see Fig. 3c. At a delay of 20 ms, 
the distance between two peaks equals 
100 Hz. The comb filter effect introduces 
a variation in the attenuation which is 
simple to calculate if the normal attenua- 
tion of the circuit is known. From the 
above example, a normal attenuation of 
3 dB means that the signal is attenuated 
by a factor of 0.7 after a single passage 
through the reverberation unit. The vari- 
ation in the attenuation owing to the comb 
filter effect is (1+0.7)/(1-0.7), i.e., 5.7 
times or about 15 dB. Obviously, an am- 
plitude ripple of 15 dB is not acceptable 
for hi-fi stereo applications. Yet, many 
reverberation units produced in the past 


Fig. 2. 





Fig. 3. 
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Amplitude-time diagram of a pulse-shaped sound and the reflections caused by it. 


Amplitude 


40 60 380 100 120 140 160 180 200 220 240 


Simplest configuration of a delay line with feedback (3a) and the associated 


amplitude-time diagram (3b). The frequency response of such a delay unit is not unlike that 
of a comb filter (3c). 


Fig. 4. 





Improved reverberation principle based on individually controlled delay lines. 
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Fig. 5. Basic circuits for phasing (5a) and 
vibrato (5b). 


used the above principle simply for lack 
of a better (electronic) alternative. 


Multiple reverberation 


A naturally sounding reverberation effect 
can only be achieved by using different 
delays of non-related durations. The block 
diagram of a reverberation unit based on 
this principle is shown in Fig. 4. From 
practical experiments, at least four delays 
are required for acceptable results. The 
sound effects unit described here has six 
different and non-related delays, while 
the attenuation for each of these is ad- 
justable to give an optimum room simula- 
tion. 


The delays used in the sound effects ' 


unit allow an estimate to be made of the 
size of the simulated room. A sound delay 
of 10 ms corresponds to a total path length 
of 3.3 m, or a wall distance of 1.65 m. The 
maximum setting, 100 ms, simulates a 
wall distance of 16.5 m. 


Amplitude 


l 


Fig. 6. Typical comb filter response of a delay line. The sound effect is ‘phasing’. 
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Sound effects 


The BBD sound effects unit offers a var- 
iety of sound effects which may be set to 
individual liking with a large number of 
controls. As examples, the degree of feed- 
back for the delayed signals may be ad- 
justed; the 'clean' (input) signal may be 
mixed with any one delayed signal. Fur- 
thermore, the unit allows a single delay to 
be used. 

The ADT-effect (automatic double- 
tracking) is commonly used in modern 
music technology to give the sound more 
substance. Basically, the signal is briefly 
delayed (121-5 ms) and then mixed with 
the original. If used in a multiple way, the 
result is the Chorus-effect. Here, the 
delay time is not constant but subject to 
small, irregular changes caused by modu- 
lation of the clock signal by a pseudo-ran- 
dom signal generator, for which the 
sound effects unit has an external input. 
The chorus-effect may use one or more 
delay lines in the unit, provided the out- 
putsignal is not fed back to the input. The 
delayed signal is, therefore, simply added 
to the output signal. 

Vibrato and phasing are based on 
modulation of the clock signal with a 
triangular, low-frequency, signal sup- 
plied by, for instance, an LFO (low-fre- 
quency oscillator). The vibrato-effect is 
obtained by using the delayed signal only, 
while for phasing the modulated as well 
as the delayed signal are added to the 
output signal. The different ways of 
generating these two sound effects are il- 
lustrated in Figs. 5a and 5b. The sound 
effects are rather different also. Strong vi- 
brato brings to the mind a worn tape re- 
corder or gramophone with speed 
regulation problems, while phasing is as- 
sociated by many with the Hammond-ef- 
fect based on doppler shift and achieved 
with the aid of rotating loudspeakers. 

Phasing uses the previously men- 
tioned comb-filter response that occurs at 
short delays (refer back to Fig. 3). The 
modulation of the clock signal shifts the 
points of maximum attenuation (poles) of 
the comb filter (Fig. 6) periodically, and so 
causes a spatial sound effect. 

Both vibrato and phasing use delays 
smaller than 10 ms, which allows ready 
use of a BBD IC. 


tinii 
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MN3011/MN3101 BBD chip 
set 


The Type MN3011 from Panasonic (a Mat- 
sushita company) contains a 3328-stage 
bucket-brigade delay line in PMOS tech- 
nology. The pin-out and internal configu- 
ration diagram in Fig. 7 shows that six 
taps on the delay are bonded out to pins. 
The delay times associated with these pins 
are suitable for reverberation applica- 
tions. The shortest reverberation time is 
available at pin 9, the longest at pin 4. The 
actual delay times achieved with the IC 
are determined by the frequency of the 
clock signals which are applied in oppo- 
site phase to pins 2 and 10. The maximum 
and minimum delay times at two clock 
frequencies, 10 kHz and 100 kHz, are 
given below: 


BBD output 
(pin) 


Delay at 
fciz10 kHz 
(ms) 
19.8 
33.1 
59.7 
86.3 
139.5 
166.4 


Delay at 
fei=100 kHz 
(ms) 
1.98 
3.31 
5.97 
8.63 
13.95 
16.64 


1(9) 
2(8) 
3(7) 
4(6) 
5(5) 
6(4) 


The operating voltage of the MN3011 
is 15 V typical and 18 V maximum. Ata 
supply voltage of 15 V, the current con- 
sumption is 8 mA typical. The direct volt- 
age at the signal input must be adjusted 
for minimum distortion. Starting from a 
level of half the supply voltage, a potential 
change of up to 2 V may be necessary. The 
amplification of the BBD chip is 0 dB typi- 
cal (unity gain), but may lie within 4 dB of 
this value. The maximum input level is 
stated as 1 Vrms at 2.5% transient harmonic 
distortion (THD). At the nominal input 
level of 770 mVrms (1 kHz), the THD is 
0.4% typical. 

A bandwidth of 10 kHz is achievable at 
a clock frequency of 40 kHz. From practi- 
cal measurements on the chip, the noise 
level is between -70 and -72 dB at a clock 
of 40 kHz. 

The pinning and internal configura- 
tion of the clock driver chip Type MN3101 
are given in Fig. 8. External components 
are used to determine the clock oscillator 
frequency, which is divided by two and 
subsequently shaped to provide the oppo- 
site-phase clock signals for the MN3011. 
The MN3101 has an on-board voltage 
source that supplies about 14/15Vaa. This 
voltage is required for the BBD chip. The 
current consumption of the MN3101 is 
3 mA typical at 15 V. a 


The final part of this article will be published 
next month. 





Letters of a general nature, or ex- 
pressing an opinion, or concerning a 
matter of common interest in the 
field of electronics (in its widest 
sense), should be addressed to The 
Editor at our London offices. Their 
publication in Elektor Electronics is 
at the discretion of the Editor. 





PRINTED-CIRCUIT BOARDS 

In view of the many letters we have had in 
response to my answer in last month's 
issue to the letter of Mr Virgis, we have re- 
considered our position and have decided 
on a solution that we feel will please most, 
if not all, of our readers. As so often, the 
solution is so simple that you feel like say- 
ing to yourself: “why haven't we thought 
of that before?" 

Apparently, what I said about it being 
impossible to produce a PCB from the lay- 
out published in the magazine is not en- 
tirely true. Accordingly, from this month 
on, we will publish not only the compo- 
nent layout, but also the track side, of all 


printed-circuit boards, whether they are 
available ready-made or not. However, the 
track side will be reproduced as a mirror 
image: this will enable anyone to make, or 
have made, artwork from which the board 
can be produced. 

Because of this change, artwork for 
PCBs relating to projects published from 
the March 1990 issue onwards can no 
longer be supplied. Artwork for boards 
pertaining to projects published before this 
month will remain available at the terms 
outlined in our Readers' Services section. 

[Editor] 


EUTELSAT TV CHANNELS 
Dear Sir — You mentioned last month 
(Feb. 1990) that EUTELSAT had switched 
a number of its services. Can you tell me 
where I can obtain information on the TV 
transmissions from EUTELSAT I? 

A. Pernfors, Gothenborg. 


The information is available from the Eu- 
ropean Telecommunications Satellite Or- 
ganization, Tour Maine-Montparnasse, 33 
Avenue du Maine, 75755 PARIS CEDEX 
15, France. Details of the TV transmis- 
sions from EUTELSAT I, F4 and F5, are 
shown in the tables below. [Ed] 


RADIO MAKES A COMEBACK 
Dear Sir — As a rider to your excellent ar- 
ticle "Radio makes a comeback" (January 
1990), may I point out that in-car receivers 
with RDS are coming down in price. The 
recently introduced Sharp in-car radio-cas- 
sette units, model nos RGF 872 EE and 
RGF 896E, for example, retail at around 
£249.00 and £299.00 respectively. 

M. Young (Young Evett & Young Ltd), 
London. 


Interested readers who are unable to ob- 
tain brochures on these radios from their 
local delaer should contact Sharp Elec- 
tronics (UK) LTd, Thorp Road, Newton 
Heath, MANCHESTER M10 9BE, Tele- 
phone 061-205 2333. [Ed] 


UPDATE FOR ATN FILMNET 
DECODER 

Dear Sir — We had been warned by the 
Editor that the mode of encryption used on 
the ATN Filmnet decoder (Elektor Elec- 
tronics, March 1989) was liable to change. 
Indeed, the decoder gave an excellent and 
trouble-free performance until late De- 
cember 1989. 

When my decoder and that of a friend 
simultaneously failed to decode properly, 
it appeared that the unit was still reinsert- 


TELEVISION CHANNELS ON EUTELSAT | - FA, F5 


RTL PLUS 


Qoo --10 0f Ano 
Cx SS ee 


F4 (13 degrees East) 


Bandwidth 
(MHz) 


1,007 
11,174 
1.472 
11486 


11.472 
1565 
11,650 
10,986 
10.986 
1.091 
1.140 
11507 


V 11674 


Station 


RAI UNO 
WORLDNET 


TVE. 
INTERNATIONAL 
RAI DUE 

3SAT 


CANAL 
COURSES 


TV carrier 


Audio 
(MHz) 


Bandwidth 


(MHz) Standard 


(GHz) 


Scrambling 


System Hours 


Spot 


Scrambling 


system Hours 


Spot 





ELEKTOR ELECTRONICS MARCH 1990 


ing the composite sync pulses correctly 
into the new signal. The line and frame 
holds were steady, but the picture con- 
sisted of positive and reversed images, 
separated slightly and alternating at a slow 
rate of flicker that seemed to be at half the 
normal frame speed, and most irritating to 
watch. 

There are two toggle mechanisms in 
the decoder, and it was obvious that nei- 
ther could cope with the new mode of 
slow image reversal. It was a simple pro- 
cess to suppress one or other image by dis- 
abling a toggle, but the flicker remained. 
By studying the circuit description (not for 
the faint-hearted) and experimenting with 
various time-constants, I was fortunately 
able to devise a simple by-pass operation 
that clocked the bistable at the required 
rate and restored the decoder to its former 
perfect function. Remarkably, only one re- 
sistor and one capacitor are needed as 
shown in the sketch below. 


IC3 poly- 
pin13 carbonate 


pF l 
IC7 $ 
pin10 


907061 - 11 


A switch was included, in case the pre- 
vious mode of encryption is resumed in 
the future. From the PCB layout it can be 
seen that IC3 pin 13 is accessible at the 
third inter-board link pin from the right, 
and IC7 pin 10 is connected to two legs of 
P2, so the board need not even be removed 
from its box. The leads to the switch need 
not be screened. 

Dr M. Ball, Chesham Bois. 


Thank you for your interest and helpful 
suggestion. The author has replied as fol- 
lows: "I have tested your solution on a 
working decoder, but found the operation 
doubtful and the results poor compared to 
my own solution which consists of a sin- 
gle diode between Q10 of [C9 (a) and R of 
FF! (c). Apparently, your circuit creates a 
time slot during which the automatic po- 
larity detector is disabled. The result, how- 
ever, is a display flicker that was not pre- 
sent before your modification was fitted. 
Interestingly, the flicker could be reduced 
significantly (but not sufficiently) by con- 
necting the capacitor to [C3 pin 12 instead 
of pin 13. In conclusion, I would say that 
your modification is time-critical and its 
beneficial effect may, therefore, differ 
from decoder to decoder” [Ed]. 


ELEKTOR ELECTRONICS MARCH 1990 


SWITCHBOARD 


Switchboard allows all PRIVATE READERS of 
Elektor Electronics one FREE advertisement of 
up to 108 characters, including spaces, commas, 
numerals, etc. per month. 

Write the advertisement, which must relate 
to electronies, in the coupon on this page; it 
MUST INCLUDE a private telephone number 
or name and address: post office boxes are not 
acceptable. 

Elektor Electronics (Publishing) can not ac- 
cept responsibility for any correspondence or 
transaction as a result of a free advertisement 
or of any inaccuracy in the text of such an ad- 
vertisement. 

Advertisements will be placed in the order 
in which they are received. 

Elektor Electronics ( Publishing) reserve the 
right to refuse advertisements without giving 
reasons or without returning them. 





FOR SALE. New 3 phase test equipment 
(no batteries needed): only £5.00. Also, I am 
interested in pen friends anywhere in Eu- 
rope. Amir Sadeg Hashemy, 32 Sepid 
Lane, Khayam St, TABRIZ 51736, Iran. 


WANTED. Issue no 1634 Vol. 94, Decem- 
ber 1988 of Electronic & Wireless World. for 
payment or exchange for issues 1620 and 
1624. Verdaguer-Codina Joan, Apt. Cor- 
reus 37149, 08080 BARCELONA , Spain. 


FOR SALE. ILP HY400 240 watt amplifier 
modules in good working order: £18 each 
incl. postage. Phone (0283) 223332 after 6 
p.m. 


FOR SALE. £lektor Electronics May, June, 
Oct, Dec 1987; March, May 1988; Sept, 
Nove 1989; 50p each. Phone Steve at 
(0926) 334894. 


HOBBY CLEARANCE: all must go! Disk 
drives, chips, capacitors and resistors, North 
Star Computer £35; hard disk 80 Mb £125. 
Send sae for list. Nic Spiers, 20 Eaton 
Way, Gt Totham, MALDON CM9 8EE, 
Telephone (0621) 892512. 


FOR SALE. Southern Instruments oscillo- 
scope Type M977; £25 o.n.o. Phone 01-903 
7172. 


WANTED. Software for T199/4A com- 
puter, or club contact to exchange informa- 
tion and software. Phone (0524) 39659 


WANTED. Manual for Tektronix 4662 plot- 
ter. Phone Peter at (0604) 767889. 


FOR SALE. Westrex and Data-Dynamics 
teletypes and one data recording printer with 
a keyboard and paper feeder. Offers as seen. 
Phone 021-422 3654. 


PEN FRIENDSHIP. I am interested in pen- 
friends anywhere in Germany with interests 





READERS' FORUM 


in electronics and digital engineering. Mo- 
hammed-Etinan-A.T., School of Engi- 
neering, Shiraz University, SHIRAZ, 
Iran. 


I AM LOOKING for students in electronic 
engineering, preferably final year, to ex- 
change ideas about projects in transmission. 
Phone Alex at 01-960 8618. 


WANTED. Audio student requires books, 
test equipment, tools, domestic audio ampli- 
fier, working or not. Mr. J. Reece, 12 Rail- 
way Cottages, Station Road, WHIT- 
STABLE CTS LAD. 


FOR SALE. BBC micro with software cost 
over £500; will sell for £230. Also got Dr 
Who ROM chip in computer. Phone (0222) 
7703967. 


SWAP. Variety of software and games on 
3.5 in. disk for Amiga 2000. I am also inter- 
ested in microprocessors Z80, 8086, etc. 
Hamid Reza Mollahasani, Madjabadi, 30 
Western 194 St, Tehranpars 16538 
TEHRAN, Iran. Telephone +98 21 
783817. 


FOR SALE. Linear HF amplifier 2x813 
G/Grid, 7 bands, 3.5—28 MHz; smart clean 
finish. Sold minus tubes and PSU. £100. 
Phone (0375) 378783. 


HOBBY CLEAROUT. Test equipment, 
tools, books, shelving, components. Offers 
on the lot, but may split. Mr. A. Khan, 349 
St Helens Road, BOLTON BL3 3QD. 


WANTED. Working 8052-AH basic com- 
puter project. Phone (077834) 1137 after 
6.30 p.m. 


Send this coupon to: Elektor Electronics 
(Publishing), Down House, Broomhill 
Road, LONDON SWIS 4JQ. 


Block capitals please — one character to each box 
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TEMPERATURE COMPENSATION FOR 
LCD MODULES 


byM. Clarkson 


Liquid crystal display (LCD) modules have grown in popularity 
over the past few years because they are easy to use and provide 
an attractive display. Unfortunately, they have a troublesome 
drawback: poor temperature compensation.This article shows 


LCD modules come in a variety of sizes: 
from one line of 16 characters to four lines 
of 20 characters. They contain all the neces- 
sary drive circuits, so that interfacing them 
with microprocessors is very simple—see 
Fig. 1. 

Unfortunately, the poor temperature 
compensation of these devices makes it 
necessary, in order to ensure optimum con- 
trast of the display, to vary the input signal 
from about 400 mV to 800 mV over the 
temperature range 0-50 °C. This signal 
variation may, of course, be obtained man- 
ually with the aid of a simple potentiome- 
ter, but a much neater way is automatic 
temperature compensation. 

When I started on this problem, I first 
of all tried the circuit shown in 
Fig.2. This uses a darlington con- 
figuration to boost the tempera- 
ture coefficient of the base emit- 
ter voltage and to reduce the re- 
quired base bias current. 

As the base-emitter voltage 
decreases with rising tempera- 
tures, the current in in R} drops. 
This reduces the voltage across 
R5, which in turn increases the 
voltage across R, and conse- 
quently the emitter current. Most 
of the emitter current flows in 
the collector circuit and thus as 
the emitter current increases, the 
voltage across R, increases. It fol- 
lows that the voltage across R, is 
directly proportional to the tem- 
perature. 

Assuming that the current in 
R, and R, is small compared 
with the current in R,, we can 
show that the gain of the circuit 
is related to V: 


ii = Vbe / Ry = Vy / Ro 
and 
i; - V. / Ry - V, / Ry. 


In both cases it is assumed that 


a way of improving that. 


there is no base current. 
dV, i Ry = di, or dVy, E di, x Ry, 


in which dV,, is the change in base-emitter 
voltage with temperature. 

Now, 

dV, = dV, x R5 / R,. 


Since Vy, is large compared with dV,,, 
it may be assumed that it is constant, so 
that dV, = dV... 


dV, / R, - di, 


Ze 








dV.2dVy,x Rx Re / Ry xR, 

dV./ dVpe =A = R; X Ro/ Ry x Re 
where A is the gain; 

Ra = Vp / hj Ry =Vpe/ i; Re= Veti 

and Re = V. / i 

Substituting, we obtain: 

A= Vy X Ve / Ve X Vy, 


Since V, = Vec — V, — Vpe this can be re- 
duced to: 


Ve = (Vee — Vie) x V. / 
/ (Ving X A + V.) 


With this equation we can esti- 
mate the required V, and thus the 
resistor values required. 

To calculate the emitter voltage 
we need to know the gain re- 
quired and this is: 


A = Tear / Tery 


where Tp) is the required tem- 
perature coefficient and Ty) is 
the temperature coefficient of the 
transistor. 

Ter) Of the darlington configu- 
ration is about 3.2 mV / °C owing 
to the small collector current (this 
causes a relatively large internal 
emitter resistance, which reduces 
the effective temperature coeffi- 
cient of the base-emitter junction). 

When using the circuit with an 
LCD module, you must take ac- 
count of the 27 kQ internal pull- 
up resistor—see Fig. 3. 

With the Hitachi module , we 
require 600 mV at 25 °C. In Fig. 2 
we see that with a current of 
500 uA through the transistor and 
one of 163 uA through the inter- 
nal resistor, the value of R, will be 
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600 mV / 663 uA = 905 Q. A practical 
value here is 910 Q. 

The 27 kQ pull-up resistor means that 
the V... used in the equation is reduced by 


910 / (27,000 + 910) x V., = 163 mV. 
This makes V. = 4.84 V. 


The Vj, of the darlington pair is about 
1 V with 500 uA flowing in the collector 
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circuit, so that 


Vy, = (4.84—1) x 0.6 /(1 x 2.5 + 0.6) = 
= 0.743 mV 


Let i; = 10 pA, so that i, = 510 pA at 
25 *C. Then: 


Re = 0.743 mV / 510 pA = 1.46 KQ; 


R,21V / 10 nA = 100 kQ; 
Ry = (5 V-1.743 V) / 10 WA = 3257 KQ. 


The final circuit is shown in Fig. 4: the 
output from the prototype was linear over 
the temperature range of 0-50 °C. At 0 °C, 
V, = 425 mV and at 50 °C, V, = 850 mV. 

E 


SQUARE-WAVE GENERATOR 


by M. Clarkson 


Many circuits nowadays require a square-wave generator for which 
invariably a separate NE555 is used. Since many of such circuits 
frequently have an unused opamp or voltage comparator available, 
why not use that to build the square-wave generator? 


If the circuit that requires a square-wave 
generator has a spare opamp or voltage 
comparator, the diagram in Fig. 1 may be 
used to realize the generator. 





Fig. 1. Basic circuit of proposed 
square-wave generator. 


The circuit works by capacitor C being 
charged and discharged to two different 
potentials created by R,, Rj and R4. The 
time taken by C to reach the higher poten- 
tial is the high period of the output, while 
that taken by C to discharge to the lower 
potential is the low period of the output. 

To calculate the values of the circuit ele- 
ments, we must simplify the circuit. Firstly, 
R, and R, can be reduced to their Thévenin 
equivalent as shown in Fig. 2. 

When Vout is low, R4 pulls Veense to a 
lower voltage, VT-. Capacitor C is then 


Vsense 


900035 - 12 


Fig. 2. Thévenin equivalent of R; and Ap. 
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discharged via R, to the level of Vr-. When 
the potential across C, V „ reaches VT-, the 
output swings high. WhenV, is high, R4 
pulls V ense from VT- to VT+. Capacitor C 
then charges via Ry. As soon as V, reaches 
VT+, the output swings low and the cycle 
is completed. 

If a spare opamp is used, the output 
frequency is limited to a range of 10 Hz to 
about 10 kHz, but this is sufficient for the 
majority of applications. 

The two states of the circuit, ignoring 
R4 and C, are shown in Fig. 3. The circuits 


Rx Rx 
VT+ VT- 
R3 
Vsense 
| Vsense 
900035 - 13 


(a) (b) 


Fig. 3. The two equivalent states of the circuit: 
(a) ON state (C charges) and (b) OFF state (C 
discharges). 


in Fig. 3 enable us to calculate Vr- and 
VT+: 


Vr- 2 V, x Ra / (R3 + Ry) [1] 
VT+ (V4 -VJ) x RR, R3) + Vy. [2] 


So far I have assumed that the opamp 
requires no bias current—see Fig. 4. This is 
not true and, although the current is gener- 
ally small, it can affect the circuit to quite 
an extent if R; and R; are too large. It is 
necessary that the current flowing through 


R and R;, that is, V. / (Ry + Rə), is large 
compared with the bias current of the 
opamp. 

I have also assumed that the output of 
the opamp swings between 0 V and V4. 
However, most opamps have a limited 
swing: if the one you use can not swing to 
within 1096 of the supply voltage, you must 
take that into account in the calculations. 


Vc Vo 


C c 


= 


(a) (b) 


Fig. 4. The two states of R, and C: (a) ON state; 
(b) OFF state. 
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If, in Fig. 4., we make the difference be- 
tween Vr+ and Vt- small compared with 
V+, we may assume that C is charged and 
discharged at constant currents. The time, 
t, taken by a capacitor to charge at constant 
current is: 


t=dVC /i, [3] 


where dV is the voltage C has to charge to 
and 1 is the charging current. 

The charging current is (V+ — V.) / R4 
and the discharge current is V. / R4 

If we want C to charge to VT+ and to 
discharge to VT- in equal times, the charg- 
ing and discharge currents must be equal, 
that is, 


(V4-V9/R,2V,/ Ry [4] 


GENERAL INTEREST 


so that 
V.=V+/2 [5] 


Voltage V. is also equivalent to V ense 
that is, the mid-point between VT- and 
VT+. 

To recap, I have said that the difference 
between VT- and VT+ must be small com- 
pared with V+. This allows us to assume 
that a constant current flows through C. 

Also, V. must be equal to V+/2 to en- 
sure that C is charged and discharged at 
the same rate. 

Then, I have assumed that the output 
swings between 0 V and V+. 

Furthermore, I have not taken into ac- 
count the output resistance of the opamp. 
This is all right as long as R3 and Ry are 
sufficiently large. 

Another aspect that must be borne in 
mind is the common-mode voltage, V onv of 
the opamp. As said, V ense must be V. / 2, 
which may be higher than V. 

Let us now calculate some circuit val- 
ues: Ry and C may be determined by de- 
ciding on the frequency, f, and the allow- 
able charging current, i: R4 = V. / 2i, f = 
1 / T, where T = 2t. 

From [3] we obtain 


C - it / dV. 
In terms of frequency, 
C=i/dVx2f, [6] 


where dV is the difference between VT+ 
and VT- and this must be small compared 
with V+. At the same time, it must be large 
compared with the offset voltage of the 
opamp. Since the offset voltage is usually 
about 5 mV, dV should be not less than 
200 mV. It is calculated by subtracting [1] 
from [2], which yields: 


dV = V+x R, / (R, + R3). [7] 


Since Vionse =V. = V+ / 2, Ry must be 
equal to R», so that R, = R, / 2. From this it, 
follows that 


dV = V+ x Ry / (R, 4 2R4). [8] 
The value of R4 is then given by 
R3=R, /2(V+/dV-1) [9] 


Resistor R; must be small enough to en- 
sure that the current through R, and R; is 
large compared with the bias current, I, 
for the opamp, that is, V+ /2R, >> ly. 

Let us now use a quarter of a Type 
LM339 voltage comparator as a practical 
example—see Fig. 5. The first thing to note 
is its open-collector output, which means 
that a pull-up resistor is required at the 
output. This resistor must be sufficiently 
small not to introduce any errors in our 
calculations. 

The V,m of the LM339 is greater than 
V+ / 2, assuming that V+ = 5 V. The bias 
current is around 0.25 uA, so that the cur- 





Fig. 5. Square-wave generator based on 1/4 Type 
LM339 voltage comparator 


rent, ią through R, and R, may be set to 
25 HA, We then obtain the folowing values: 


R, = V4 / 2i. 2 100 kQ 
R3 = R4 = 100 kQ 


Since the offset of the LM339 is <5 mV, 
we may take dV = 200 mV. Then, from [9], 


R3=1.2 MQ 


Assuming we want f = 5 kHz and a 
charging current, i = 25 uA, then, using 
[7],we obtain a value for C of 12.5 nF. 

The value of R4 is 


Ry = V, / 2i, = 50 KQ. 


When the output of the LM339 is high, 
the circuit in Fig. 6 may be used to calcu- 
late the optimum value of the pull-up re- 
sistor, Ry. 





Rpull 900035 - 16 


Fig. 6. Simplified circuit to calculate the voltage 
drop across Apul 


If we allow a drop of 200 mV across 
Ropu and taking into account that 


iy = (V+—V,) / R3=2 A and 
In =(V+—V.) / Ry =50 A, 
we obtain a value for Ro, of 


Routt = 200 mV / (i + i5) = 
= 200 / 52 = 3.8 kQ. 


In practice, the value may be reduced . 
to, say, 2.2 kQ and even further for low- 
impedance loads, but take care as the low 
output voltage of the LM339 may suffer. 
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Fig. 7. Diagram of the final circuit of a 5 kHz 
square-wave generator. 


The completed circuit is shown in 
Fig. 7. The prototype under test yielded a 
high period of 94 us and a low period of 
96 us. The final frequency was 5263 Hz. It 
was calculated that the capacitor value 
should be 12.5 nF to give a frequency of 
5208 Hz. Since a 12 nF type was used in 
the prototype, the actual frequency was 
rather higher, but well within satisfactory 
tolerance. 


RA 
ta EL 


Fig. 8. Replacing R, by a resistor-diode network 
as shown enables the mark-to-space ratio of the 
output to be altered as required. 


The high and low periods, that is, the 
mark-to-space ratio of the output voltage, 
may be varied by replacing R4 by two re- 
sistors and two diodes as shown in Fig. 8. I 
shall leave the derivation to you. u 
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